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CHAPTER  I. 
THE  CJTY  ENGINEER   AND    HIS   DUTIES. 


This  book  is  written  for  two  classes  »f  officials  in  towns  and 
cities  having  a  population  of  less  than  twenty  thousand  inhabitants 
and   it  may  be  found  useful  in   some   larger  places. 

Elected  officials  and  those  who  have  had  no  technical  educa- 
tion belong  to  the  first  class.  They  come  into  intimate  relations 
with  men  who  have  charge  of  engineering  work,  arc  interested  in  it, 
oftentimes  direct  it  and  therefore  may  be  benefited  by  reading 
this  book. 

The  second  class  is  cotnposed  of  engineers  and  surveyors  hold- 
ing the  position  of  town  or  city  engineer.  Especially  those  with 
little  or  no  previous  experience  in  municipal  engineering. 

To  meet  the  requirements  of  the  two  classes  the  book  hai 
been  divided.  Both  will  appreciate  the  chapters  preceding  those 
on  office  work.  The  chapter  on  bibliography  and  that  on  the  fil- 
ing of  fragmentary  literature  will  likewise  interest  both.  So,  it 
ii  believed,  will  the  appendices. 

The  chapters  on  field  and  office  work  and  engineering  data 
are  intended  solely  for  engineers.  The  non-technical  reader  will 
hardly  appreciate  them. 

It  is  hoped  the  plan  will  be  successful.  In  larger  cities  engi- 
neers have  other  sources  of  information  and  this  book  will  hardly 
interest  them.  The  writer  hopes  that  for  places  having  less  than 
ten  thousand  inhabitants  this  book  will  be  a  satisfactory  manual  of 
municipal  engineering. 

The  sources  of  information  available  to  men  in  larger  citie* 
and  which  it  is  hoped  every  engineer  will  at  some  time  or  other 
consult,  are  given  in  the  chapter  on  bibliography.  The  books  and 
periodicals  there  mentioned  have  all  been  freely  drawn  upon  by 
the  author  who  takes  this  means  of  acknowledging  the  assistance 
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be  has  received.  To  make  a  separate  acknowledgment  in  eacb 
case  would  require  too  many  small  type  notes.  The  publishers  do 
not  like  the  expense,  the  printers  hate  them  and  readers  coTdially 

detest  them.  Besides,  so  much  of  the  information  is  common 
knowledge  it  would  be  difficult  and  will  nigh  impossible  to  know 
whom  to  credit     In  a  few  cases  acknowledgment  has  been  made. 

Not  all  the  matter,  however,  is  reprint.  Much  of  it  is  the 
accumulation  of  many  years'  experience  in  this  kind  of  work.  It 
is  believed  some  is  here  printed  for  the  first  time,  as  it  has  been 
picked  up  in  the  field,  oter  the  drawing  board,  at  engineers'  con- 
ventions, and  in  conversation  with  experienced  and  practical  men. 
Perhap."!  it  has  all  been  printed  before.  If  so  it  is  in  widely  scat- 
tered publications  and  therefore  not  accessible  to  the  majority  of 
engineers.  The  author  is  not  claiming  originality  for  all  that 
appears  in  these  pages.  He  simply  has  tried  to  put  in  convenient 
form  some  odds  and  ends  of  professional  knowledge  which  may 
be  appreciated  by  the  men  whom  it  will  benefit. 

It  may  be  inferred  from  the  residence  of  the  writer  that 
the  work  is  simply  compiled  and  that  his  knowledge  of  conditions 
in  small  towns  is  second  hand.  For  over  five  years  he  served  as 
town  engineer,  street  superintendent  and  member  of  the  Board 
of  Health  in  a  far  western  city  of  less  than  two  thousand  inhab- 
itants. For  two  years  he  served  as  city  engineer,  street  comnvis- 
stoner  and  building  inspector  in  another  western  city  of  nearly 
three  thousand  inhabitants.  In  the  West  (the  real  West  of  today) 
a  place  of  two  thousand  can  be  compared  with  places  of  six  thou- 
sand in  the  eastern  States,  and  a  place  of  three  thousand  with  one 
of  eight  to  twelve  thousand  in  the  East,  so  far  as  the  class,  char- 
icter  and  amount  of  work  is  concerned,  tn  his  consulting  and 
eontrsctmg  experience  the  writer  has  had  much  to  do  with  towns 
and  dt(es  ranging  from  five  hundred  inhabitants  to  many  thou- 
sands. This  book,  therefore,  does  not  contain  simply  impressions 
of  an  engineer  from  a  large  city.  When  he  tells  how  to  drain 
a  street  he  docs  it  because  he  has  been  out  in  rubber  coat  and 
boots  in  storms  showing  "dagos"  how  to  take  care  of  the  water. 
When  he  tells  how  to  stake  out  work  it  is  a  description  of  methods 
he  has  used  and  found  good. 

Such  an  introduction  the  author  feels  is  due  his  readers.  To- 
day there  are  many  books  compiled  in  libraries  by  men  of  little 
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experience.  Readers  sre  clamoring  for  something  "practical."  and 
as  this  book  is  mten4ed  for  m«n  who  pride  themselvei  on  being 
practical  they  should  Icnow  they  are  getting  first  hand  informa- 
tion—supplemgnted,  of  course,  with  selected  matter  from  good 
authorities. 

The  book  hinge*  about  engineering  work  and  therefore  about 
the  engineer.  For  the  average  engineer  employed  by  the  average 
town  and  small  city  the  author  would  like  to  make  a  plea. 

Three  clasEes  of  men  are  engaged  for  such  work  and  receive 
appointments  by  the  council.  The  first  consists  of  men  who  are 
not  engineer*.  They  are  surveyors  and  sometimes  of  the  kind 
called  "land  butcher*."  Their  work  is  of  a  kind  not  catling  (or 
the  refinement  and  niceties  of  ejty  work  and  they  are  apt  to  be 
careless  and  ifooi  humored  over  mistake*.  City  surveying  re- 
quires measuring  with  steel  tapes  and  turning  angles  on  tack 
points.  A  "row  of  apple  trees"  is  too  vague  a  limit  of  accuracy 
for  city  wwk.  A*  the  pay  of  surveyors  seldom  approximates  that 
of  engineers,  surveyor*  will  uke  the  position  of  town  or  city  sur- 
veyor, or  engineer,  at  a  much  lower  salary  than  an  engineer  will 
accept.  If  the  suryeyor  is  a  bright  man  who  will  work  hard  and 
study  hard  he  may  develop  into  a  good  enough  man  for  the  place. 
$uch  aien,  however,  do  not  always  develop  that  way. 

The  second  cIrib  consists  of  men  who  principally  follow  sur- 
veying for  a  living  but  are  anxious  to  become  engineers.  They 
have  no  technical  school  education  but  are  largely  self  educated 
«nd  have  received  some  earlier  training  on  railroads,  or  with 
lurge  corporations.  If  appointed  town  or  city  engineer  before 
t|»eir  ambition  weakens  they  develop  into  first-class  men.  It  is 
bccomipg  increasingly  difficult  for  an  engineer  without  a  technical 
school  education  to  succeed.  In  a  specialty,  however,  a  self-taught 
ni^  has  an  excellent  chance.  Some  of  the  finest  engineers  the 
writer  has  met  ip  small  places  are  of  this  class.  Their  work  is 
their  hobby  and  they  read  and  study  all  the  time  and  put  into 
practice  as  much  as  ihey  can.  A  town  possessing  a  man  like  this 
should  keep  him- 

The  third  class  consists  o£  men  educated  at  good  technical 
schools.  They  ma.v  have  considerable  experience  before  accepting 
the  position,  or  they  may  not.  Their  training,  however,  teaches 
them  how  and  where  to  acquire  needed  information  and  if  con- 
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tent  to  remain  in  the  small  place  and  grow  up  with  it  the  town 
will  be  the  gainer  by  keeping  such  a  man  as  long  as  he  is  content. 
As  he  is  well  educated  and  up  to  date  he  must  be  paid  properly 
and  treated  with  consideration  to  keep  him  contented  while  his 
classmates  are  winning  success  in  larger  iields. 

While  the  engineers  honored  with  appointments  as  engineers 
in  the  small  places  have  been  above  graded  by  their  educational 
opportunities  and  natural  inclinations  toward  study  they  can,  in 
each  grade,  be  classified  like  all  men  into  ranks  ranging  from  very 
wise  men  down  to  something  a  degree  worse  than  a  plain  fool. 
But  if  occasionally  a  town  picks  up  one  of  the  latter  the  whole 
profession  should  not  be  judged  by  iiini. 

It  is  assumed  the  councilmen  will  realize  the  importance  of, 
having  a  good  man  in  the  position  and  make  careful  selection. 
Unfortunately  this  is  not  always  the  case.  It  is  usually  customary 
to  fix  the  pay  a  little  lower  even  than  a  second  rate  "land  butcher" 
would  take  and  then  hunt  for  an  engineer  to  accept  it  'I'hat 
men  can  be  foimd  to  accept  such  pay  and  the  treatment  so  often 
associated  with  poor  pay,  should  not  militate  against  engineers  in 
general,  but   it  does. 

One  important  fact  seems  to  be  forgotten.  The  engineer  is 
In  this  line  of  work  to  stay.  It  is  his  means  of  livelihood.  If 
given  the  least  encouragement  he  will  apply  himself  to  study  and 
research  and  as  the  years  go  by  his  value  can  not  be  estimated. 
His  death  or  removal  will  be  little  short  of  a  public  calamity. 

The  councilman  on  the  other  hand  is  elected  for  a  short  term. 
He  may,  or  may  not,  be  re-elected.  After  he  returns  to  private 
life  he  loses  interest  in  the  engineering  work  and  after  awhile 
forgets  all  he  ever  learned  in  his  brief  tempestuous  term  as  a 
city  father  Under  such  circumstances  his  interest  in  the  best  good 
for  the  people  who  elected  him  should  lead  him  to  be  careful  in 
selecting  the  engineer.  When  he  does  select  a  good  one  he  should 
treat  him  at  least  as  considerately  as  he  does  the  town  attorni'j, 
whose   word   is  law — and   occasionally   poor   law. 

The  attitude  of  the  average  councilman  toward  the  average 
engineer  was  shown  when  a  national  organization  of  public  works 
officials  was  started  a  few  years  ago.  One  elected  official  fought 
against  admitting  engineers  to  membership.  "They  are  our  serv- 
ants," he   said,  "and  we  do  not  want  them  arguing  with   us  in 
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open  meetings."  His  position  was  supported  by  many,  but  the 
engineers  won  out  and  were  admitted.  Today  the  membership  is 
almost  entirely  of  engineers.  The  elected  officials  are  such  a  short 
time  in  the  work  that  they  do  not  feel  like  joining  the  society. 

An  English  councilman  said :  "Our  surveyor  is  a  man  with 
very  big  ideas ;  he  is  always  bringing  forward  some  large  scheme 
just  as  though  he  must  do  it  to  justify  his  occupation  here." 
(Goodrich.  "Disposal  of  Town's  Refuse.") 

The  remark  has  a  pathetic  ring  to  it.  The  town  had  an  en- 
ergetic and  ambitious  man  who  rushed  with  enthusiasm  into  his 
work  and  was  checked  by  the  complacent  and  tolerant  air  of  his 
superior  officers. 

There  is  another  side  to  this.  An  engineer  is  seldom  tactful. 
So  much  of  his  work  can  be  approached  in  a  direct  manner  he  is 
apt  to  be  impatient  when  questions  of  policy  come  up.  There  are 
two  ways  of  getting  results  in  mathematical  operations.  The  only 
proper  way  is  to  figure  correctly  and  the  result  proves  itself.  Some- 
times an  engineer  has  been  known  to  make  a  result  come  to 
where  it  should  by  a  process  known  as  "fudging."  That  is,  he 
starts  from  the  answer  and  with  the  assumed,  or  actual,  conditions 
works  to  it  by  short  cuts  and  empirical  rules  to  save  time  and 
trouble.  White  the  same  result,  or  at  least  a  satisfactory  result, 
may  be  obtained,  it  is  not  workmanlike.  It  is  therefore  in  the 
code  to  do  everything  right  and  in  the  most  direct  and  accurate 
manner   possible. 

The  city  father,  on  the  other  hand,  has  to  answer  to  his  coti- 
I  and  must  evade  objections  of  men  in  the  council  whose 
i  represent  interests  opposed  to  his  own.  Policy  must 
govern  nearly  all  he  does.  He  has  to  plan  ahead  and  can  often 
see  a  point  the  engineer  fails  to  see.  Policy  forbids  him  taking 
the  engineer  into  his  confidence.  To  a  man  who  has  some  interest 
to  forward  and  who  is  unable  to  pursue  direct  methods  it  is  the 
extreme  of  exasperation  to  run  up  against  a  "rule  of  three  idiot," 
as  the  writer  heard  a  young  enpneer  designated  in  one  place  where 
he   was  called  into  consultation. 

Therefore  it  is  that  many  councilmen  in  the  smaller  places 
wish  as  an  engineer  a  man  who  will  really  be  the  surveyor  to  the 
council.  His  duty  is  to  set  stakes  where  ordered,  in  the  manner 
ordered  and  not  until  ordered.     If  they  can  get  such  a  man  they 
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ttkt  dalight  in  ordering  him  around  and  (hry  disparage  all  ei^- 
nttn  because  of  the  example  in  thejr  own  plact. 

When  a  real  engineer  is  placed  in  such  &  position  there  is 
a  great  dt^al  of  unne<:es.<ary  friction.  In  addition  to  this  the  aver- 
age property  owner  seldom  likes  an  engineer.  He  is  considered 
to  be  an  unnecessary  expense  and  it  has  been  seriously  proposed 
in  many  places  to  drop  engineers  altogether  and  let  contracts  lo 
men  who  will  set  their  own  slakes  and  work  on  honor  The  places 
that  have  tried  it  never  seemed  satisfied. 

Why  employ  an  engineer?  Engineering  News  mice  said,  "The 
fact  that  a  competent  engineer  can  make  a  little  money  go  much 
farther  than  it  would  go  without  his  advice  and  aid  is  one  which 
the  general  {tublic  is  slow  to  comprehend.  The  average  man  con- 
grtitulate»  jiimselt  upon  tlie  dollars  he  saves  by  dispensing  with 
an  engineer's  services  and  knows  nothing  of  the  dollars  lost  in 
exorbitant  prices  or  in  work  poorly  executed." 

Bosweil  says,  "The  true,  strong  and  sound  niind  is  the  mind 
that  can  etnbrace  equally  great  things  and  small."  The  giving  in 
once  in  a  while  to  the  opinion  of  a  ilompetent  engineer  is  one  of 
(he  small  things  that  will  really  be  a  great  thing  for  the  city  in 
after  years.  To  have  things  started  well  is  half  the  work.  A 
cheap,  incompetent  man  means  untold  expense  In  the  future.  A 
food  man  may  mean  that  the  city  will  always  have  pride  in  its 
appearance  and  in  the  character,  with  resulting  economy,  of  its 
public  work. 

"Before  a  man  can  speak  oil  any  subject  it  is  necessary  to  te 
acquainted  with  it,"  says  Locke.  A  councilinan  can  hardly  get  a 
thorough  knowledge  of  nuinJcipal  engineering  between  the  date 
of  his  nomination  and  election  so  it  Is  hardly  leemly  for  him  to 
give  loo  full  instructions  to  the  engineer.  If  the  engineer  is  not 
competent  then  the  councilnien  appointing  him  fail  in  their  duty 
to  the  people  whose  affairs  they  administer, 

Use  care  in  selecting  the  engineer.  Pa;  him  as  much  as  the 
town  can  alTord  and  do  not  pay  less  than  the  rates  current  for 
such  work  in  the  vicinity.  Deal  with  him  as  it  he  knew  his  busi- 
ness. If  he  shows  himself  incompetent  tire  him.  If  intelligent 
but  merely  lacking  in  taci  let  some  one  finish  his  education  in 
policy.  The  policy  of  the  councilman  looks  oftentimes  to  the 
engjtieer  like  "fudging."     H  he  can  be  shown  that  it  is  simply 
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another  process  for  attaining  a  right  end  and  is  not  wrong  he 
be  ail  right.     An  engineer  is  a  creature  of  mathematics  and  c 
raon  sense.     If  he  is  strong  on  mathematics  aiirj  shy  i 
sense  he   is  a   poor   engineer.     But   he   nrnst   have    tnongh   mathe- 
matics  to   get   correct   results. 

Much  of  the  trouble — and  the  writer  has  found  no  place  free 
from  it — comes  from  an  indefinite  understanding  of  the  duties  of 
the  engineer.  The  following  ordinance  is  recommended  as  being 
now  in  satisfactory  use: 

ORDINANCE  NO 

An  Ordinance  Creating  the  Position  of  City  ; 

Engineer  and  Defining  his  Duties  and  Fixing 
the  Compensation  of  Himself  and  Assistants. 

The  Common  Council  of does  ordain 

as  follows : 

Section  1. — That  the  position  of  City  Engi- 
neer  is   hereby   created   in   the    wno 

shall  be  appointed  on of  each  year  and 

hold  office  for  one  year  from  the  date  of  his  ap- 
pointment, or  until  his  successor  is  appointed  and 
qualifies,  unless  he  is  sooner  removed  for  cause 
or  by  reason  of  abolishment  of  the  office  by  ordi- 

Section  2. — He  shall  be  a  Civil  Engineer  of 
not  less  than  five  years'  practical  experience  as 
such,  and  if  a  graduate  of  the  State  University, 
or  of  some  technical  school  of  equal  grade,  in 
the  civil  engineering  course,  his  course  of  study 
shall  count  as  two  years'  practical  experience. 
A  Land  Surveyor  of  not  less  than  five  years' 
practical  experience  as  such,  but  with  less  than 
two  years'  experience  in  engineering  surveys  and 
construction  work,  shall  be  eligible  for  appoint- 
ment provided  he  graduates  in  municipal  engi- 
neering from  a  correspondence  school. 

Section  3.— The  Cily  Engineer  shall  make  all 
the  surveys,  maps,  profiles,  estimates  of  cost  for 
improvements,  and  plans  for  public  improvements 
ordered  by  the  City  Council,  set  alt  grade  and  line 
stakes  for  such  work,  supervise  the  repairs  on 
streets,  the  repairs  and  cleaning  of  sewers,  pre- 
pare all  specifications  for  public  work  when  so 
ordered,  see  that  the  building  and  plumbing  ordi- 
nances and  regulations  are  enforced  and  generalljr 
do  all  work  that  may  be  required  b^  the  Council 
of  a  civil  engineer  in  connection  with  public  im- 
provements. 
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Section  4,^1-le  shall  preserve  monuments  and 
bench  marks  and  estabhsh  new  ones  when  nec- 
essary, upon  orders  from  the  Council,  properly 
describing  and  recording  the  descriptions  in  rec- 
ord books  and  on  plats. 

Section  5. — He  shall  make  suitable  records 
in  books  and  on  plats,  said  records  to  be  so  com- 
plete that  any  competent  engineer  can  from  them 
and  by  their  means  retrace  and  check  all  work 
done  by  him.  Said  records  to  be  and  remain 
the  property  of  the  city  and  be  turned  over  to 
his  successor  in  office  and  a  certified  list  of  same 
be  given  to  the  City  Clerk  at  the  same  time. 
Before  any  bills  for  work  done  by  the  City  En- 
gineer will  be  allowed  the  City  Clerk  must  certify 
that  the  proper  entries  have  been  made  in  the 
record  book  for  said  work. 

Section  6. — He  shall  prepare  all  ordinances 
that  require  phraseology  of  a  technical  nature 
for  the  doing  of  work  under  his  direction  or  to 
describe  work  done  and  give  same  to  the  City 
Attorney  to  put  into  legal  form. 

Section  7. — The  compensation  of  the  City 
Engineer  shall  be   ■ 

He  shall  furnish  his  own  office  and  all  instru- 
ments, tapes  and  tools  required  and  pay  for  re- 
pairs on  same.  The  city  shall  pay  for  all  papers, 
books  and  stationery  actually  used  by  him  upon 
the  city  work. 

Section  S. — He  shall  be  free  to  select  his 
own  assistants  and  shall  be  held  responsible  for 
their  work.  No  assistants  can  be  appointed  with- 
out an  order  from  the  Council  and  the  compen- 
sation shall  be  fixed  in  said  order. 

Section  9.— Nothing'  in  this  ordinance  shall 
operate  to  interfere  with,  or  abridge,  the  right 
of  the  city  to  emi>loy  designing  and  consulting 
engineers  and  architects  for  special  work  or  to 
advise  with  the  City  Engineer  and  supervise  work 
he  is  in  charge  of,  whenever  the  Council  deems 
it  for  the  best  interests  of  the  city  to  employ  said 
specialists  in  certain  classes  or  kinds  of  work. 
Section  10. — This  ordinance  shall  take  effect 

and  be  in  force  on  and  after 

It  may  be  taken  for  granted  that  a  consulting  engineer  will 
he  needed  occasionally.  Sometimes  the  city  engineer  asks  for 
one.     This  seldom  happens,  however,  for  a  confession  of  incom- 
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petency  is  often  thought  to  be  implied  when  an  engineer  makes 
such  a  request.  Why  this  is  so  is  one  of  the  things  no  man  can 
explain.  It  is  common  for  physicians  and  surgeons  to  call  in  spe- 
cialist! for  consultation.  No  important  case  goes  into  court  with- 
out an  imposing  array  of  counsel.  The  engineer,  alone,  is  discred- 
ited if  he  asks  for  the  advice  of  a  more  experienced  man  at  the 
expense  of  his  employers.  No  objection  is  made  if  he  pays  the 
bill  out  of  his  own  pocket. 

When  selecting  an  engineer  for  special  work  the  city  engineer 
is  generally  able  to  recommend  a  man.  It  is  assumed  here  that 
if  the  city  engineer  is  worth  his  salt  he  will  be  a  member  of  some 
of  the  local,  or  stale,  or  national  engineering  societies  and  be  a 
subscriber  to  one  or  more  of  the  good  technical  papers  or  maga- 
zines. He  will  then  be  in  a  position  to  know  the  names  and  stand- 
ing of  the  leading  specialists. 

Avoid  selecting  men  employed  by  large  corporations  having 
interests  in  the  vicinity,  even  if  they  do  the  work  cheaply,  or  donate 
their   services. 

It  is  not  always  wise  to  employ  a  man  representing  patented 
or  special  articles.  An  unbiased  man  may  recommend  those  very 
things,  but  it  is  better  so  than  to  have  a  man  do  it  who  is  finan- 
cially  interested. 

Some  men  may  object  that  the  foregoing  ordinance  gives  too 
much  to  one  man.  Every  man  of  common  sense  knows  that  few 
towns  pay  a  street  commissioner  enough  to  live  on ;  hence  he  must 
neglect  the  public  work  while  he  makes  enough  on  the  side  to 
support  his  family.  In  many  small  places  he  owns  teams  and 
numerous  relations  are  carried  on  the  pay  roll  as  drivers  of  the 
teams.  The  small  pay  never  attracts  g'wl  men  and  none  of 
them  know  anything  more  about  the  street  work  than  they  pick 
up  by  themselves.  Reading  a  book  or  paper  to  learn  what  others 
have  done  never  enters  their  mind. 

The  fees  of  the  building  and  plumbing  inspector  seldom  amount 
to  as  much  as  a  good  man  can  earn  by  working  for  wages  so  good 
men  seldom  fill  the  position  and  the  inspection  is  a  farce. 

Sewers  are  never  cleaned.  When  plugged  the  obstruction  is 
moved.     That  is  all.     The  cost  in  the  aggregate   is   high. 

There  is  seldom  enough  surveying  to  pay  a  good  man  to  give 
tlie  records   much  attention.     In   fact  it  is  often  a  loss   for  a  man 
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to  hold  the  position,  but  he  takes  it  to  prevent  too  severe  compe- 
tition. 

The  positions  can  all  be  combined  and  held  by  one  good  man, 
whose  heart  will  be  in  his  work;  for  the  city  can  pay  one  gooJ 
salary  that  will  be  less  than  the  aggregate  of  several  small  ones 
paid  to  men  who  do  not  earn  them.  The  engineer  will  then  have 
some  incentive  to  make  a  record  and  win  the  respect  of  the  people. 


0.  Google 


CHAPTER  11. 
ROADS  AND  STREETS. 


There  are  no  set  rules  to  follow  in  establlsliiug  grades  and 
improving  strKcls.  The  streets  are  to  loolt  well,  are  to  serve  as 
avenues  of  travel  and  are  spaces  in  which  the  public  may  lay  drains 
and  conduits.  They  are  to  he  improved  at  the  lowest  possible  cost 
to  attain  these  ends.  All  other  considerations  are  matters  of  detail. 
In  the  work  of  improving  streets  experience  counts  for  much  and 
a  knowledge  of  what  others  have  done  is  helpful. 

When  grade  is  mentioned  it  is  generally  the  longitudinal  slope 
that  is  meant.  By  slope  is  generally  meant  the  fall  of  the  sidewalk 
or  roadway  toward  the  gutters.  When  cross  sectiou  is  mentioned  it 
means  the  shape  of  the  sireet  from  property  line  to  properly  line. 

Business  streets  should  have,  if  possible,  a  level  cross  section, 
or  one  nearly  level.  That  is,  the  curbs  on  each  si<le  should  have  the 
same  elevation  on  a  line  across  the  'street  m^ing  a  right  angle 
with  the  street  line.  It  is  generally  easy  lo  accomplish  this  as  the 
business  portion  of  a  town  is,  as  a  rule,  laid  out  in  the  first  place 
in  the  most  level  part  of  a  tract  of  land. 

To  effect  proper  drainage  the  sidewalks  slope  toward  the 
gutters  and  the  roadway  is  high  in  the  center  to  shed  water  to  the 
gutters.  The'  shaping  and  crowning  of  the  roadway  depends  upon 
the  width  of  the  street  and  the  material  used  for  paving,  as  some 
smooth,  impervious  pa\enients  require  very  little  crowning.  When 
one  side  of  a  street  is  slightly  higher  than  another  considerable 
study  must  be  given  it  to  secure  the  proper  crown. 

For  a  sidling  street  some  men  have  the  crown  nearest  the  high 
side.  Sometimes  they  make  a  straight  slope  across  the  street.  This, 
however,  is  objectionable,  as  all  the  water  has  to  pass  over  the 
street  and  may  injure  the  pavement.    The  writer  prefers  lo  have  the 
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crown  somewhat  to  one  side,  for  the  slope  is  then  exactly  the  satne 
to  each  gutter,  simply  being  longer  on  the  lower  side. 

An  old  rule,  and  one  in  general  use,  for  light  grades  is  to  make 
the  crown  on  macadamized  roads  one-fortieth  of  the  distance 
between  curbs.  For  asphalt  one-fiftieth,  and  for  brick,  stone  and 
wood  one-sixtieih.  The  reason  asphalt  has  the  greater  crown  is 
that  water  injures  it  and  should  therefore  be  taken  off  quickly. 

Some  towns  are  laid  out  on  a  hillside  with  contour  roads  and 
streets.  Methods  for  improving  them  vary  considerably,  being  influ- 
enced by  the  difference  in  elevation  of  the  sides  of  the  thoroughfares. 
When  the  difference  is  slight  the  curbs  may  be  set  at  different 
elevations.  When  somewhat  greater  the  sidewalks  can  be  made 
narrow  with  a  terrace  to  the  curb.  A  still  greater  difference  will 
permit  of  a  terrace  between  the  sidewalk  and  curb  and  one  between 
the  sidewalk  and  the  prt^erty  line.  A  greater  difference  may  call 
for  a  sidewalk  level  with  the  curb  and  a  straight  slope  from  it  to 
the  property  line.  A  still  greater  difference  will  call  for  only  one 
narrow  sidewalk  on  the  lower  side  of  the  roadway. 

In  improving  contour  streets  on  hillsides  an  attempt  should  be 
made  to  get  the  improvement  at  the  lowest  possible  cost  consistent 
with  appearance.  The  roads  should  wind  and  the  slopes  should  be 
sodded  as  though  in  a  park.  Considerable  swing  should  be  made 
to  go  around  trees  rather  than  cut  them  down. 

Business  streets  are  improved  from  property  line  to  property 
line.  A  common  rule  is  to  put  two-lifths  of  the  width  in  sidewalks. 
and  have  three-fifths  between  curbs.  Like  all  rules  it  is  not  to  be 
blindly  followed.  A  wide  sidewalk  is  a  good  thing  and  a  very  wide 
roadway  costs  more  for  repairs  than  it  is  apt  to  be  worth. 

A  wagon  seldom  uecupies  more. than  nine  feet  in  width.  Eight 
feet  is  the  ordinary  over  all  width.  Eighteen  feet  between  curbs 
will  permit  two  wagons  to  pass  with  ease.  Twenty-seven  feet  allows 
one  wagon  to  stand  at  one  side  and  permits  two  to  pass  it.  Thirly- 
six  feet  will  allow  a  wagon  at  each  curb  while  two  pass  between 
them.  It  is  seldom  therefore  that  a  business  street  needs  to  be 
more  than  thirty-six  feet  wide  helween  curbs.  As  repairs  are 
computed  by  the  square  foot  it  is  well  to  consider  that  street  repairs 
are  expensive  and  sidewalk  repairs  are  low.  For  a  single  street  car 
track  allow  ten  feet  and  tor  a  double  track  allow  eighteen  feet 
additional  to  above  widths. 
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It  is  a  common  matter  today  for  small  cities  and  towns  to  have 
in  residence  districts  a  roadway  not  exceeding  twenty-five  feet  wide 
in  the  middle  of  the  street.  Each  side  has  a  curb  and  the  ground 
slopes  up  from  the  curb  to  the  property  line.  The  sidewalk  on  each 
side  is  six  feet  wide  and  set  one  foot  from  the  fence.  For  a  sixty- 
foot  street  this  gives  ihirteen  feet  on  each  side  between  the  curb 
and  sidewalk  on  which  to  plant  trees  and  grass.  Such  a  street  is 
said  to  be  parked.  Great  Falls,  Mont,,  is  a  good  example  of  a  city 
so  improved.  Mr,  C,  W,  Swearingen,  for  ten  or  twelve  years  city 
engineer  there  {now  in  Havre),  had  hard  work  to  introduce  such 
parking.  Now  the  people  are  proud  of  their  parked  streets.  In  the 
writer's  opinion  it  is  the  best  method  for  residence  streets.  It  is 
low  in  first  cost  and  in  cost  of  maintenance.  It  is  beautiful  in 
appearance.  It  also  affords  space  in  which  to  put  sewers,  water 
pipes,  and  underground  conduits  on  each  side  without  tearing  up 
the  street  surface. 

Sometimes  a  town  has  streets  with  very  steep  grades.  The 
writer  in  1893  prepared  plans  for  the  improvement  of  a  street  having 
a  21  per  cent  grade  (a  rise  of  twenty-one  feet  in  one  hundred),  by 
winding  a  sixteen-foot  roadway  from  side  to  side.  The  roadway 
had  a  grade  of  only  11  per  cent  and  there  were  many  slopes  lo  plant 
with  grass  and  flowers.  A  narrow  sidewalk  was  placed  on  either 
side  with  steps  at  the  turns  in  the  road.  In  Burlington,  Iowa, 
there  is  such  a  roadway  and  within  the  past  year  Wm,  Barclay 
Parsons  of  New  York  proposed  the  same  treatment  for  some  of 
the  steep  streets  in  San  Francisco.  In  some  European  cities  sleep 
streets  have  been  treated  in  such  a  manner. 

In  establishing  grades  two  things  are  to  be  considered — drainage 
Any  slope  will  cause  water  to  move,  but  for  macadam 
1  grade  of  one  foot  in  two  hundred  is  advisable. 
For  pavements  the  roadway  may  be  level  from  one  end  of  the 
block  to  the  other,  but  it  should  not  be  level  if  any  grade  can  be 
obtained.  For  streets  having  a  very  light  grade  or  no  grade,  a  slope 
for  surface  water  is  obtained  in  the  gutter  by  making  what  is 
known  as  a  summit  somewhere  in  the  block.  With  a  level 
street  it  will  be  in  the  middle.  At  the  summit  the  bottom  of  the 
gutter  may  be  at  nearly  the  same  elevation  as  the  curb.  At  the 
ends  of  the  block  or  at  the  catch  basins  the  curb  may  stand  a  foot 
above  the  bottom   of  the   gutter. 
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It  having  been  shown  that  waicr  can  run  off  i  level  street,  it 
is  necessary  to  see  ihc  limiting  effect  of  traction,  Street  gradei 
should  be  limited  between  the  lightest  possible  for  efficient  drain- 
age and  the  steepest  a  horse  can  ascend  with  ease.  The  steepest 
grade  should  not  exceed,  if  poisihie.  a  seven-fool  riae  in  one  hun- 
dred feet.  Heavier  grades,  as  well  as  extremely  li^t  ones,  should 
be  adopted  only  after  most  careful  study, 

Caltilig  the  load  a  horse  will  pull  on  a  level  surface  100,  then 
on  a  grade  of— 

1   in   too  a  horse  will  pull  do   per  cent 

8  "  "  SI 

4  "  "  52  " 

6  ■'  "  4*1 

10        "  "  as        ■' 

The  above  table  shows  iliat  the  steepest  grade  on  a  street 
regulates  the  loads  that  can  be  hauled  over  that  street.  In  many 
cities  located  on  rivers  the  grades  on  the  bridge  approaches  de- 
termine the  wagon  loads  throughout  the  whole  business  district. 
In  the  establishment  of  grades  no  block  can  be  dealt  with 
alone.  It  is  necessary  to  study  a  district  in  order  that  the  effects 
of  the  grade  on  one  block  may  not  be  harmful.  In  the  chapter  on 
surveys  a  tnethod  is  discussed  for  engineers,  but  a  reference  here 
may  do  no  barm.  Briefly,  it  is  best  to  study  the  ground  care- 
fully and  determine  the  streets  designed  to  carry  the  main  drain- 
age. These  streets  having  been  determined,  lake  up  the  entering 
streets  one  after  another  and  see  what  grades  can  be  5xed  on  them 
so  the  drainage  plan  will  work  freely.  The  street  it  is  intended  to 
improve  may  be  among  the  last  streets  studied.  The  writer  has 
known  of  cities  going  to  an  expense  of  many  hundreds  of  thousands 
of  dollars  because  such  a  study  was  not  made  in  the  beginning. 
Whenever  a  petition  came  in  the  engineer  was  instructed  to  set 
grade  slakes  for  one  block  at  a  lime  and  take  into  consideration 
only   the   conditions   in   that   block. 

Sometimes  a  town  is  so  located  that  grades  can  be  established 
one  block  at  a  time.  This  is  rare,  however,  and  a  careful  study  is 
best.  Such  work  is,  of  course,  somewhat  expensive,  but  once  done 
it  is  done  for  all  time  and  the  records,  if  kept,  will  tie  serviceable. 
Avoid  a  "penny  wise  and  pound  foolish"  policy  in  such  matters. 
Future  growth  must  be  considered. 
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]ii  eslablishiiig  grades,  tlie  qiiesiion  of  tliu  cNpfiisc  of  improv- 
ing the  street  to  the  grade  must  be  taken  into  account.  This 
has  to  be  figured  as  all  other  business  matters  are  figured.  When 
several  possible  grades  are  under  consideration  the  best  grade 
may  be  the  most  expensive  in  first  cost  if  the  street  is  an  im- 
portant business  street.  If  it  is  a  side  street,  or  cross  street,  or 
unimportant  residence  street,  the  property  owners  should  have  a 
voice  in  the  matter  and  be  permitted  to  exercise  considerable  in- 
fluence. Here  the  first  cost  will  generally  be  the  controlling  factor. 
If  any  street,  however,  is  apt  to  be  an  important  line  of  com- 
munication or  drainage,  the  question  of  first  cost  may  be  dismissed. 
The  best  grade  is  the  one  to  obtain. 

It  is  to  be  borne  in  mind  that  in  mentioning  grades  the  writer 
means  the  official  elevations  at  controlling  points  on  the  streets  and 
the  slopes  connecting  the  official  elevations.  He  does  not  mean 
the  actual  earth  moving  and  such  improvements. 

There  is  nothing  in  all  the  work  of  a  municipal  officer  which 
requires  more  pure  grit  and  courage  than  the  work  of  establishing 
a  grade  preliminary  to  the  improvement  of  a  streeL  No  matter 
how  it  is  finally  settltd,  he  meets  with  the  approval  of  a  very  few 
and  makes  enemies  of  many.  Some  of  the  enemies  are  vindictive 
and  never  let  up.  Until  a  regular  grade  is  established  each  man 
has  regarded  the  street  in  front  of  his  own  lot  as  so  much  of  his 
own  property  and  it  is  hard  to  persuade  him  that  any  one  else 
has  jurisdiction  over  it.  He  has  sidewalked,  drained  and  paved  (?) 
il  to  suit  himself,  and,  whether  above  or  below  the  general  level,  is 
conlident  that  his  floor  line  is  exactly  where  the  grade  should  be. 

Whatever  the  procedure  adopted  for  gradually  bettering  the 
condition  of  the  streets,  the  first  step  is  to  provide  for  proper  drain- 
age. A  dirt  road  can  give  fairly  good  satisfaction  if  it  is  rounded 
up  in  the  center  and  kept  well  rolled  and  has  gutters  on  each  side 
to  conduct  surface  water  to  a  place  where  it  can  be  disposed  of. 
Therefore,  temporary  grades  can  be  established  and  gutters  made. 
Sidewalks  can  be  built  on  these  grades. 

The  appearance  of  the  streets  have  as  much  to  do  with  the 
growth  or  failure  of  a  city  as  any  other  thing.  Strangers  get  their 
first  impression  of  a  place  from  the  streets  and  nothing  can  be  said 
in  praise  of  the  wealth  or  enterprise  of  the  inhabitants,  or  of  the 
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logical  advantages  of  the  business  location  of  a  city  that  will 
counteract  the  effect  of  a  poor  street  as  a  first  impression. 

First  impressions  are  said  to  be  most  lasting,  therefore  the 
streets  should  be  attended  to  first.  The  questions  of  sewerage  and 
water  supply  can  be  left  until  the  city  has  at  least  one  good  look- 
ing street.  Better  sewerage  facilities  and  improved  water  systems 
will  be  demanded  as  a  city  grows.  If  it  does  not  look  prosperous 
and  so  impress  visitors  it  will  not  grow. 

Before  taking  up  a  discussion  of  materials  for  paving,  the 
writer  wishes  to  offer  an  ordinance  for ,  the  establishment  of 
official  elevations. 

Do  not  establish  elevations  on  the  center  lines.  Each  paving 
material  requires  a  different  crown  and  the  elevation  along  the 
middle  of  the  street  fixes  the  elevations  of  the  curbs.  When  ma- 
terials are  changed  it  means  an  increased  or  a  lessened  depth  in  tbe 
gutters,  or  else  the  curbs  must  be  reset.  The  property  owners  set 
their  floor  lines  with  reference  lo  the  curbs.  If  every  change  in 
paving  materials  or  every  change  in  the  width  of  the  roadway 
alters  the  curb  elevation,  the  property  owner  will  never  be  secure  in 
bis  mind. 

Sometimes  it  is  best  to  fix  the  official  elevations  at  tbe  property 
line  and  obtain  the  curb  elevation  from  that.  Somejimes  it  is 
best  to  establish  the  elevation  on  the  curb.  The  writer  prefers  the 
first  method.  It  gives  the  property  owner  a  well  established  eleva- 
tion to  which  to  build.  Future  changes  in  tlie  width  of  the  side- 
walk or  of  the  roadway  or  a  change  in  the  paving  material  have  then 

When  that  is  done  it  is  an  easy  matter  to  fix  tbe  elevations 
by  ordinance  so  they  can  be  always  set.  The  ingenuity  of  the 
engineer  will  be  called  into  play  to  describe  the  elevations  and  the 
points   where   they  are   fixed. 

In  order  that  elevations  can  be  always  referred  lo  one  plane 
of  reference,  an  oflicial  base  must  be  established.  Then  all  points 
can  be  stated  as  being  so  many  feet  above  or  below  the  oflicial 
base.  It  is  usual  to  take  the  lowest  point  at  which  drainage  is  dis- 
charged and  count  it  as  having  an  elevation  of  zero  or  one  hun- 
dred. If  an  elevation  of  zero  is  given,  then  there  may  be  times  when 
some  work  is  done  below  that  elevation,  and  this  will  necessitate 
minus  elevations.    The  engineer  can  explain  this  to  the  non-technical 


ovGoo^lc 


ROADS  AND  STREETS.  1" 

reader.  It  makes  mistakes  possible.  It  is  better  to  assume  that 
point  as  having  an  elevation  of  one  hundred  feet  above  city  base, 
the  base  then  being  an  imaginary  plane.  If  on  the  sea  coast,  the 
mean  of  lower  low  tides  is  a  good  point  lo  assume  as  beit%  one 
hundred  feet  above  city  base. 

ORDINANCE  NO 

An  Ordinance  establishing  a  City  B^se,  or 
Plane  of  reference  for  Elevalions  and  fixing  the 
elevation  of  a  Primal  Bench  Mark. 

The  Common  Council  of does  ordain 

as  follows : 

Section    1.— That    the    Official    City    Base,   or 
Plane  of  Reference  for  elevations  in  the  City  of 

is  hereby  fixed  at  a  point  one  hundred 

(100)  feet  below  the  low  water  mark  at 

street  and street  as  ascertained  on 

Section  2.— The  cross  cut  in  the  top  of  the 
copper  bolt  set  in  the  top  o£  the  concrete  monu- 
ment at  the  Northeast  corner  of  the  entrance  to 
the  City  Hall  on  the  ground  floor  is  hereby  de- 
clared lo  be  the  Primal  Bench  Mark  of  the  City 
of  and  the  elevation  thereof  i.s  one  hun- 
dred and  ten  feet  and  thirteen  one-hundredths 
of  a  foot  (I10.i:t)  above  City  Base. 

Section    3.— AH    official    elevations    hereafter 

established   in  the  City  of   shall  be   de- 

scribi;d  with  reference  to  their  elevation  as  com- 
pared with  the  official  base  in  feet  and  decimal 
parts  of  a  foot.  No  grade  or  official  elevation 
shall  be  established  other  than  by  ordinance  and 
in  the  manner  described  in  this  ordinance. 

Section  4. — This  ordinance  shall  take  etiect 
and  be  in  force  on  and  after 

ORDINANCE  No 


The  Comnion  Council  of  

ordain  as  follows: 

Section   1, — The  official  elevations 

tersection  of  street  and  .... 

are  hereby    fixed    as    follows,    to-wit ; 

Northeast    comer    feet    ( .  . 

City  Base.    At  the  Northwest  corner  . 
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{ )   above  City  Base.     At  the   Southeast  and 

Southwest  corners  feet  ( )  above 

City  Base. 

Section  2.— On   street   feet 

north  of  the  north  line  of Street 

feet   ( )   above  city  base. 

Section  3. — At  the  intersection  of  

street  and   street  the  official  elevation 

at  each  comer  shall  be feet  ( )  above 

City  Base. 

Section  4. — The  elevations  mentioned  in  the 
preceding  sections  of  this  ordinance  are  fixed  at 
the  property  lines. 

Section  5. — The  elevation  of  the  curbs  shall 
be  fixed  at  the  time  the  street  is  improved  and  the 
slope  from  the  property  line  to  the  curb  across 
the  sidewalk  shall  not  be  less  than  one-eighth  of 
an  inch  per. fool  (H")  not: more  than  one-half  of 
an  inch  (Yz")  per  foot. 

Section  6, — The  shape  of  the  cross  section 
and  the  elevations  thereof  shall  be  fixed  at  the 
time  the  street  is  improved,  depending  upon  the 
material  used  for  paving. 

Section  7. — The  longitudinal  slope  or  grade  of 
the  street  shall  be  on  straight  lines  connecting 
the  points  where  the  elevations  are  fixed,  as  pro- 
vided in  this  ordinance;  excepting  that  where  the 
grade  breaks  in  the  block  between  the  inter- 
secting streets  the  roadway  and  ttKhf  shall  be 
on  vertical  curves  of  such  length  an«("-kind  that 
the  allowable  cross  slope  of  the  sidewalks  will  be 
maintained. 

Section  8. — The  grades  of  the  gutters  shall  be 
so  fixed  that  the  extreme  height  between  the  tops 
of  the  curbs  and  the  bottoms  of  the  gutters  will 
not  exceed  one   foot    (!')■ 

Section  9.— The  official  elevations  of  the  cor- 
ners of  intersecting  streets,  alleys,  places,  lanes 
and  other  public  places  and  highways,  intersect- 
ing said  street  at  points  between  points  on  which 
the  official  elevations  are  fixed  by  ordinance  shall 
be,  and  are  hereby,  fixed  at  an  elevation  being  on 
a  straight'  line  connecting  the  two  established 
points  nearest  said  intersecting  corners. 

Section  10. — All  ordinances  or  parts  of  ordi- 
nances in  conflict  with  Ibis  ortfinance  or  any  part 
of  it,  are  hereby  repealed  as  to  the  conflicting, 
portions. 
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Li  estabttahing  elevations  at  street  crossinga  and  tntcrsectionB 
tZT  and  make  them  level.  If  the  intersecting  streets  have  grades 
of  3  per  cent  or  more  the  crossing  will  have  the  appearance  of 
pitching  in  toward  the  hill  if  made  leveL  The  best  w  to  fix 
the  tntersection  grade  in  that  case  is  to  make  it  equal  to  half 
the  sum  of  the  two  grades  but  not  to  exceed  three  per  cent. 

A  town  is  justified  in  going  to  considerable  expense  to  secure 
level  cross  sections  in  business  districts  where  the  grades  are  lets 
than  five  per  cent. 

In  small  citits  anil  lowiis  Iherc  exists  nn  impression  that 
all  business  streets  have  level  cross  sections.  To  attain  this 
ideal  a  great  ileal  more  money  is  spent  than  is  justified  and  this 
is  one  of  the  matters  to  be  left  wholly  to  the  engineer  to  decide. 
streets   with   coii- 


STREET  WORK. 

All  grade  ordinances  should  definitely  fix  the  points  where  the 
devations  are  established.  The  engineer  is  supposed  to  prepare  all 
such  matter  carefully  in  his  office  before  writing  the  ordinance. 
The  writer  thinks  it  best  to  have  a  vertical  curve  connect  all 
dianges  of  grade  where  they  occur  between  intersecting  street* 
This  will  avoid  the  appearance  of  a  break.  He  usually  plots  his 
grade  line  on  a  large  scale  and  connects  tbt  inclinations  with  a 
parabola. 

Fig.  1  is  from  Baker's  Roads  and  Pavements.  Professor  Baker 
recommends  that  there  should  be  from  10  to  IS  feet  of  curve  for 
each  foot  of  change  in  elevation  in  one  hundred  feet. 

Fig.  2  shows  a  method  of  calculating  a  parabola.  It  la  used  in 
forming  a  diagram  for  the  cross  section  of  a  pavement  between 

Another  method  tor  describing  the  parabola  is  shown  in  Fig.  3. 
Divide  the  distance  between  the  ends  of  the  curve  into  any  number 
of  parts  and  place  the  numbers  at  the  points  as  shown,  commencing 
■t  each  end.     Multiply  the  two  numbers  at  each   point  together. 
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Divide  the  total  rise  by  the  product  of  the  two  numbers  at  the 
middle  point  Multiply  the  result  successively  by  the  products  of 
the  numbers  at  the  other  points.  The  results  give  the  ordinates 
of  the  parabola.  This  method  is  also  good  for  constructing  a, 
parabola  for  any  purpose,  such  as  finding  the  bending  moments  in 
beams  uniformly  loaded,  the  flow  of  a  jet  of  water,  etc. 

It  is  a  good  plan  in  preparing  the  grade  ordinance  to  first  plot 
the  profile  with  the  proposed  grades ;  fix  the  vertical  curve  and  take 
the  elevations  from  the  profile  at  intervals  varying  from  fifteen  to 
twenty-five  feet  and  describe  each  in  the  ordinance.  When  the 
curb  is  put  in  there  will  be  no  breaks,  for  the  slight  angular  point 
at  each  change  can  be  adjusted  on  slight  curves  extending  a  few 
inches   each   way.     Some   care   taken   in  the   office   work  is   well 

Figs.  4  and  j  illustrate  exaggerated  diagrams  given  to  con- 
tractors at  a  time  the  streets  are  improved,  "ihe  curbs  are  sup- 
posed to  be  set  hrst.  With  the  use  of  boning  rods  the  foreman  can 
then  fix  the  curve  of  the  cross  section  exactly  and  the  engineer 
does  not  have  to  be  always  on  hand  to  give  stakes.  The  rods  are 
simple  in  construction  and  use. 

Take  a  common  lath  three  or  four  feet  long  and  nail  it  to  a 
piece  of  board  about  four  inches  wide  and  six  inches  long.  Wrap 
a  piece  of  white  paper  around  the  top  of  the  lath.  Set  the  base  piece 
on  top  of  the  curb  on  one  side  of  the  street  and  place  on  it  a  brick 
or  stone  to  hold  it  in  place.  Another  lath  of  exactly  the  same 
length  is  held  on  the  opposite  curb  to  sight  over.  The  third  lath 
is  divided  into  feet  and  inches  and  usually  has  a  movable  sight  on 
it.  Such  a  sight  may  be  a  piece  of  paper  tied  on  so  it  can  be 
moved  up  or  down  readily.  The  cheap  yard  sticks  given  away  by 
stores  are  useful  for  the  purpose  instead  of  graduating  a  lath. 
This  rod  is  held  so  the  graduations  read  from  the  top  down.  The 
fixed  rod  is  placed  on  one  curb  and  the  foreman  takes  his  rod  to 
the  other  and  holds  one  end  of  a  tape. 

An. assistant  takes  the  graduated  rod  and  the  other  end  of  the 
tape  afid  measures  each  distance  successively  as  called  off.  When 
a  distancc'ts  measured  the  movable  sight  is  set  the  proper  distance 
down  and  the  rod  held  on  a  stake.  This  stake  is  driven  until  the 
foreman  sighting  over  the  target  can  see  the  top  of  the  opposite 
stake.  In  this  way  points  can  be  set  every  ten  feet,  more  or  less, 
along  the  line  of  the  street  after  the  curbs  are  set.    The  diagram  is 
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usually  given  on  a  piece  of  cross  section  or  profile  paper  and  the 
foreman  can  read  the  distance  down  ai  any  desired  distance  from 
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the  curb.  He  does  not  therefore  have  to 
marked  if  there  is  anything  to  prevent  ii. 
close  together  as  he  wishes, 
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Common  custom  approves  of  the  parabola  as  the  best  fbim 
for  the  cross  section  of  a  street.  It  is  easy  to  put  in  for  one  thing. 
In  some  places  instead  of  using  the  boning  rods  the  engineer  sets 
a  stake  the  height  of  the  crown.  At  half  the  distance  to  the  curb 
set  a  stake  with  its  top  one-fourth  the  height  below  the  crown. 
That  is  half  way  between  the  gutter  and  the  crown  the  height  is 
three-fourths  the  crown.  Some  engineers  prefer  two  flat  slopes 
from  crown  to  gutter  with  a  slight  rounding  at  the  intersection. 
Some  prefer  a  segment  of  a  circle.  It  is  almost  entirely  a  matter 
of  taste,  although  the  writer  believes  the  parabola  is  best. 

In  an  earlier  chapter  some  rules  were  given  for  crown  heights. 
Custom  varies.  In  Boston,  for  macadam  the  rise  is  one-half  inch 
per  foot  in  width.  For  granite  block,  three-eighths  of  an  inch. 
For  asphalt  or  brick,  five- sixteenths  of  an  inch.  In  New  York  for 
asphalt,  one-quarter  of  an  inch  and  for  brick  or  granite,  three- 
eighths  of  an  inch.  In  Chicago  a  minimum  of  two  per  cent  and  a 
maximum  of  five  per  cent  of  half  width  for  asphalt,  brick  or 
granite.  For  macadam  a  minimum  of  four  per  cent  and  a  maximum 
of  eight  per  cent  of  the  half  width. 

In  Omaha  the  custom  is  to  decrease  the  crown  as  the  longi- 
tudinal slope  increases.  This  is  sensible  and  Is  now  used  in  other 
places.  The  following  formula  for  the  crown  of  asphalt  paved 
streets  was  originated  by  Andrew  Rose  water,  city  engineer  of 
Omaha : 

C  =  W  (100— 4p>  ™  S.OIH).  where 

C  =  crown  of  pavement  in  feet. 

W  =  distance  between  curbs  in  feet; 

p  =  'r   of  longitudinal   grade. 

The  crown  for  brick,  wood  or  slone  is  five-sixths  of  the  crown 
lor  asphalt,  as  such  materials  are  not  harmed  by  water  standing 
on  them.     The  above  formula  is  for  a  level  cross  section. 

Reference  has  been  made  to  winding  roadways  on  extremely 
steep  streets.  To  study  such  a  problem,  make  a  contour  map  of 
the  street  on  a  scale  of  forty  or  tifty  feet  to  an  inch.  For  turning 
space  at  each  side  there  should  be  about  twenty  feet.  Draw  on 
each  side  a  line  parallel  with  the  side  lines  and  twenty  feet  distant 
from  them. 

Draw  a  series  of  equilateral  triangles  between  these  twenty- 
foot  lines.  The  sides  of  the  triangles  crossing  the  street  indicate 
closely  where  the  roadway  may  be  located.    The  roadway  should 
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be  vixteen  feet  wide  and  the  lines  of  the  triangles  cross  it  That 
is,  at  the  boitom  the  point  of  the  triangle  will  be  on  the  down  hill 
side  of  the  road.  It  will  cross  the  roadway  diagonally  until  at  the 
other  lidc  of  the  street  it  will  be  on  the  up-hill  side.  Draw  in  the 
line*  of  the  roadway  in  this  way  and  when  ihe  twenty-foot  strip 
i(  reached,  carry  the  roadway  lines  across  it  at  a  right,  angle  with 
the  side  of  Ihe  street  This  will  then  give  plenty  of  space  for  a 
turn.  Along  the  center  line  of  the  roadway  as  laid  out  thus,  make 
a  profile  and  then  hx  the  grade,  giving  not  to  exceed  three  per 
cent  on  the  tiini.  It  is  best  to  make  it  level.  If  there  is  a.  grade 
on  the  turn,  make  it  on  a  curve  with  a  radius  of  sixteen  feet. 

If  the  steep  street  is  winding  arbund  a  hill  side  instead  of  going 
straight  up,  the  above  procedure  must  be  modified  to  suit  condi- 
tions. The  foregoing  is  only  a  suggestion,  for  every  case  demands 
special  treatment. 

Page  after  page  of  formulas  can  be  given  treating  of  intersec- 
tion elevations.  Few  of  them  are  worth  bothering  with.  There 
will  be  slight  necessity  for  any  if  the  elevations  are  fixed  at  the  side 
lines  instead  of  on  the  center  lines  of  streets.  In  a  preceding 
chapter  the  treiitnient  of  intersections  approached  by  streets  with 
steep  grades  has  been  discvissed. 

The  writer  has  often  employed  with  benefit,  models  to  illus- 
trate his  ideas  to  property  owners  and  councilmen.  A  model  of  a 
hill-aide  street,  showing  the  appearance  before  improvement  (which 
every  one  will  recogniie),  side  by  side  with  one  showing  the  com- 
pleted work,' will  .■lometimes  advance  proceedings  several  months 
and  avoid  many  headaches  and  discussions. 

The  most  simple  way  to  make  such  a  model  is  to  transfer  con- 
tours to  pieces  of  board  imd  saw  the  pieces  with  a  scroll  saw,  to 
the  shape  indicated  by  ihe  contour.  The  pieces  are  nailed  together 
and  present  the  appearance  of  steps.  The  steps  can  be  filled  with 
wax  or  cement  or  putty  and  given  a  smooth  surface.  A  plaster-of- 
paris  mold  is  taken  of  it  and  can  be  used  as  a  mold  for  the  con- 
struction of  a  light  model  of  papier  maehe.  Sometimes  the  original 
is  colored  and  fixed  tip.  but  it  is  heavy.  Sometimes  cross  sections 
lire  made  of  light  wood  and  pieces  of  cardboard  fastened  to  them 
;in<l  the  whole  frame  covered  with  paper  which  is  colored.  Such 
A  tniMlel  !•!  light,  but  fr.igile. 

riif  niiniinimi  grade  in  gtiiter*  should  be  about  six  inches  in 
one  bitndred  feet  or  what  is  colled  a  five-tenths  grade. 
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On  streets  level,  or  nearly  lev«I,  the  following  formula,  la  used 
for  putting  i 


<^)-i&) 


where  x  =  distance  of  summit  from  higher  inlet. 

L  :=  distance  between  inlets. 

R  t=  grade  of  gutter  (per  cent). 

D  —  difference  in  elevation  of  inlels. 

A  graphical  method  is  often  used  in  the  office.  Make  two 
scales  having  the  same  numher  of  divisions  per  inch  as  the  scale 
of  the  map,  hut  figured  according  to  the  per  cent  of  grade  instead 
of  feet  in  distance.  One  scale  begins  at  the  right  end  with  the 
elevation  of  the  inlet  ;U  that  end  of  the  block.  The  other  scale 
begins  at  the  left  end  with  the  elevation  of  the  inlet  at  that  end. 
The  scales  are  then  numbered  to  correspond  to  the  rise  or  fall.' 
One  scale  is  marked  on  the  top  edge  of  the  strip  and  the  other 
on  the  lower  edge.  Place  the  scales  on  the  map  with  the  gradu- 
ated edges  touching  and  with  the  ends  placed  at  the  inlets  having 
corresponding  elevations.  It  will  be  seen  that  at  some  point  be- 
tween the  inlets  the  elevations  on  the  scales  correspond.  This  is 
the  point  where  the  summit  should  be  placed,  and  the  elevation  of 
the  summit  is  read  off  the  two  scales. 

It  is  not  necessary  to  make  new  scales  for  each  block.  Two 
can  be  made  on  bristol  board  and  the  figures  placed  on  ihem 
lightly  with  lead  pencil  when  required. 

In  a  long  block  two  summits  are  occasionally  required  when  it 
is  impossible  to  get  a  grade  as  good  as  five-tenths  per  cent  with 
one  summit.  This  will  call  then  for  an  inlet  near  the  middle  of  the 
block  and  the  elevation  and  position  can  be  calculated  by  the 
formula  or  fixed  graphically.  An  experienced  engineer  can  locale 
a  summit  with  a  glance  at  a  contour  map  or  profile. 
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CHAPTER  in. 
WALKS,  CURBS  AND  GUTTERS. 


The  narrowest  sidewalk  should  be  at  least  five  feet  wide.  If 
in  3  business  district  it  should,  of  course,  be  wider  and  exiend 
clear  from  the  curb  to  the  building  line.  In  ihe  residence  districts 
it  is  belter  to  have  a  grass  plot  on  either  side. 

Wooden  sidewalks  are  only  temporary  affairs  and  should  not 
be  allowed  to  remain  after  they  commence  to  wear.  The  boards 
S-t  loose  and  the  nails  work  up.  They  trip  the  pedestrian  in 
summer  and  squirt  muddy  water  on  him  in  wet  weather.  If  used 
ihey  should  be  made  of  planks  two  inches  thick,  not  more  than 
eight  inches  nor  less  than  six  inches  wide,  and  be  spiked  with  a 
20-penny  nail.  The  span  between  bearings  should  not  be  more 
than  three  feet  so  the  walk  will  not  be  springy.  The  top  of  ihe 
spikes  should  be  set  at  least  one-quarter  of  an  inch  below  the  top 
of  the  plank.  Narrow  walks  consisting  of  wide  planks  running 
lengthwise  of  the  road  should  not  be  permitted. 

A  number  of  cities  in  the  United  States  have  judgments  to 
the  amount  of  hundreds  of  thousands  of  dollars  hanging  over  them 
because  of  damage  suits  by  reason  of  defective  sidewalks  made 
of  wood.  In  consequence  no  wooden  sidewalks  can  now  be  put 
down   in  those  cities. 

Cinder  walks  are  very  well  liked,  and  in  many  districts  too 
poor  to  afford  permanent  walks  cinder  sidewalks  are  put  down. 
A  plank  is  laid  on  edge  on  each  side  of  the  sidewalk  space  and 
the  width  between  leveled  off,  after  which  cinders  are  put  down 
in  thin  layers,  each  layer  bein^   wel  and  tamped. 

Stone  flag  sidewalks  are  out  of  date.  They  wear  unevenly  and 
get  loose  after  much  travel. 

Brick  sidewalks  of  ordinary  building  brick  soon  go  to  pieces 
and  become  rough  and  dangerous.  Brick  sidewalks  made  of  vitri- 
fied paving  brick  set  in  cement  mortar  are  more  satisfactory,  but 
20 
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1  brick  pardntnt  is  old  fashialiCtl  nnd  little,  if  any,  cheaper  ibaa 
a  lement  sldeWalk. 

The  belt  sidewalk  is  the  collcrtt^  and  cement  walk  properly 
litll.  They  jhduld  be  put  down  iliidCt-  good  specitWations  and  com- 
iMtent  siiptfViston,  Property  owneft  pulling  down  such  walks  by 
(trlv^te  contfbct  should  be  comfierca  to  comply  with  the  dty  spe- 
dfltatiohs.  > 

The  glare  of  the  light  colored  iiettient  sidewalk  on  t  sunshiny 
Atf  A  objccliotlable  but  may  be  OVtCCome.  By  the  use  of  lamp- 
UlSck  or  other  pigments  the  color  HI  the  sidewalk  can  be  greatly 
iHOdiAed. 

A  good  itfong  ordinance  should  be  passed  providing  for  put' 
titig  down  COtidl-cte  and  cement  tValkn.  No  one  should  be  permitted 
Ht  eiigage  in  Ibe  business  until  hk  ttth  show  he  is  c^iiicricnced  in 
Ihl  work.  ,  \ik  should  pay  a  goOtl  license  and  put  up  a  bond  to 
|lh>tcct  th«  lit}'  in  case  his  sidt<ftdllii  go  to  pieces  inside  of  two 
fUrs.  If  a  eldewalk  built  by  Hltti  titgins  to  break  up  within  two 
}(hrl  his  lletflRe  should  be  lakefl  iflhy  from  him  and  his  bonds- 
HlCn  shoulil  He  made  to  rebuild  tliK  walk.  Every  sidewalk  con- 
fhctor  in  Ihil  material  should  \Wik  a  name  plate  and  stam^  his 
Itlme  at  dlltfetices  not  exceedili|  (ttenty-live  feet  on  each  piece 
dt  sidewllK  kc  puts  down.  tO||klHtr  with  the  year  and  month. 
His  Gidewdkj  will  thus  adverflnc  HU  work.  A  good  cement  walk 
should   lali   slveral  generations. 

It  is  tttedhiing  common  HD^Eldtlys  to  have  the  names  of  streets 
ttt  into  ildtiralks  at  corners,  tii  into  the  curbs  if  concrete  curbs 
ire  used.  "The  contractor  eailiy  arranges  this  by  having  letters 
fhade  of  MUkl,  which  are  oiltfd  and  laid  on  the  base  before  the 
AniitHng  Hat  is  placed.  When  the  finishing  is  done  the  letters 
Ire  taken  titit,  which  is  an  eaiy  thing  because  of  the  oil,  and  the 
IpaCe  fillld  ifith  colored  ceihtnt  mortar.  The  names  should  be 
f»laC«d  ii  'Ait  ends  of  the  cross  walks. 


CurblHk  is  placed  aft  a  division  line  between  the  sidew.ilk  and 
foadway. 

Charies  Mulford  Robinson,  whom  the  Good  Roads  Magazine 
Itytt)  th<  "American  authority  on  the  city  beautiful,"  has  the  fol- 
to#{ng  lo  SSy  about  curbing  in  a  recent  report  to  the  city  council 
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of  Colorado  Springs,  Colo. :  "It  is  necessary  resthetically  as  well 
as  practically,  with  brick  and  block  pavements ;  it  is  by  no  mean* 
appropriate  artistieaily  where  pavements  are  of  gravel  or  macadam; 
is  not  often  essential  where  snch  a  roadway  is  narrow ;  and  here 
may  be  a  positively  bad  thing  practically,  since  it  prevents  surface 
water  from  reaching  the  turf  and  roots  of  trees  that  it  m^ht 
ortierwise   do  much  to  help." 

lu  [his  connection  Jlr.  Mulford  was  speaking  of  .the  parking 
of  streets,  mentioned  in  Chapter  II.  For  snch  streets  the  writer 
agrees  with   Mr.   Mulford. 

On  macadam  or  gravel  streets  not  parked,  wooden  curbs  are 
often  used.  The  best  are  sixteen  inches  deep  and  four  inches 
thick.  The  grade,  or  official  elevation,  on  the  top  of  the  curb 
should  he  two  inches  below  the  elevations  established  by  ordinance. 
This  wiU  allow  wooden  sidewalks  to  be  laid  to  grade  and  be 
spiked  to  the  top  of  the  curb,  resting  on  it. 


Concrete  Curb 

•^         one/  &uT-refi. 

The.  fat  /j  on/yU4*^ 
lyien  pavertftrtf  has  no 
coocrefr  6oaa,  am/ 13  , 


Granite  curbs  are  generally  set  in  pieces  from  four  to  eight 
feet  long.  They  go  into  the  ground  from  six  to  twenty-four  inches, 
projecting  from  six  to  twelve  inches.  They  are  generally  six  inches 
thick  at  the  top  and  eight  inches  thick  at  the  bottom.  The  top 
is  dressed  and  so  is  the  exposed  face.  It  the  climate  is  severe 
the  curbs  are  .sometimes  placed  on  a  cinder  or  brick  foundation 
going  below  frosi  line.  The  tops  of  the  curbs  are  set  at  the  official 
elevations  established  by  ordinance  and  sidewalks  are  laid  flush 
with  the  tops. 

Stone  curb,^  are  going  out  of  use  nearly  everywhere.  '  The 
short   pieces    are   hard    to   keep   in    line    and    the   appearance    soon 
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becomes  bad  ,  It  is  difficult  to  secure  good  stone  and  the  monolithic 
concrete  curb  is  more  durable  and  presents  a  handsomer  appear- 
ance, besides  whicli  it  is  usually  lower  in  first  cost. 

The  shaping  of  corners  presents  considerable  variety.  The 
most  handsome  corner  is  one  where  the  Iwo  intersecting  curbs  meet 
in  a  circle  having  a  radius  equal  tp  the  width  of  the  narrower 
walk.  This  is  an  additional  reason  for  using  concrete  curbing. 
as  the  forms  can  be  made  for  any  radius.  When  granite  curbs 
are  used  the  corners  are  generally  of  very  short  radius,  for  curved 
stones  cost  much  more  than  -  straight  pieces,  whereas  for  con- 
crete there  is  no  additional  cost  after  the  forms  are  made. 

To  save  the  expense  of  making  too  many  forms  some  towns 
have  a  common  radius  of  ten  feet.  But  many  cities  use  curves 
with  a  radius  as  small  as  three  feet  and  some  of  only  'eighteen 
inches.  The  appearance  of  such  corners  is  not  good.  They  jut 
out  into  the  roadway  loo  far  and  for  vehicles  are  not  so  good  as 
the  larger  curve. 

There  are  three  ways  of  making  wooden  comers.  In  one  the 
pieces  are  cut  into  lengths  of  one  foot  with  an  inside  bevel  on 
each  end.  Placed  on  a  curve  with  the  ends  of  the  pieces  spiked 
together  the  corner  looks  well  but  is  weak  until  the  sidewalk 
planks  are  spiked  to  it.  Sometimes  several  4-in.  x4-in.  posts  arc 
driven  in  the  ground  on  a  circle  four  inches  back  from  the  face 
of  the  curb.  The  posts  are  about  three  feet  apart..  Four  thick- 
nesses of  one-inch  boards  are  bent  around  these  posts  and  spiked 
thorou^ly  to  them  as  well  as  lo  each  other.  Or  two  planks  are 
sawed  on  a  cufve  and  short  vertical  pieces  four  inches  wide  and 
slightly  bevelled  on  the  edges  are  attached  vertically  to  them. 
When  finished  it  looks  like  the  inside  form  for  a  concrete  curb. 
This  is  set  in  place  and  when  the  earth  is  filled  back  of  it  the 
appearance  is  good.  The  writer  iias  visited  cities  where  rounded 
wooden  corners  were  made  by  driving,  on  a  circle,  2-in.  x  4-in.  pieces 
into  the  ground  touching  each  other  and  then  bending  a  one-inch 
board   around   the   outside. 

The  top  of  the  curb  should  not  be  more  than  one  foot  above 
the  bottom  of  the  gutter.  If  possible  it  should  not  exceed  ten 
inches.  It  is  often  necessary  to  have  a  shallow  gutter  at  the 
middle  of  the  block  and  a  deep  one  at  the  catch  basin  in  order  to 
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make  a  gtwd  grade  in  the  |Uttir.     The  vutttr  If  Hid  tp   h|v« 
>  summit  where  the  curb  is  jciiy. 

CKQIP    W4LXS. 

It  is  usual  to  provide  cro|i  fft,iks  on  streets  n«t  improved  tr 
on  streets  improved  with  gravtl  pr  macadam.  ' 


OoS3  ma/f  ^y'  5/7Cjf- 
■or  S^one  showirtg 
Pfa/7lrm<ff& ,  ^o/»e  Arnr 
trtoyi^useJ/ar  Concrvhs. 


/?  form  o  -f  puffer  at- 
crass m^j  camman/y 
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tnnf^reacforrf  or  aor/h  raa^ttHb 


For  earth  and  gravel  streets  thfl  (ipss  walk  is  usually  of  wood. 
The  form  is  generally  the  same  in  f|l  places.  Cross  pieces  six 
inches  wide  and  foiir  inches  deep  art  ipaced  four  feet  apart  across 
the  roadway.  For  a  distance  of  one  foot  on  each  end  they  are 
bevelled  down  to  an  edge.     On  this  (>evel  is  spiked  a  three-inch 
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plank  and  across  tht  level  top  is  spiked  otEier  threc'iiich  planks 
to  make  the  width  preferred  in  that  particular  place.  Usuailj 
such  a  cross  walk  is  six  or  eight  feet  wide  on  top  at  intersections 
with,  and  across,  the  main  streel,  and  on  side  streets  is  from  three 
to  four-  feet  wide.  The  width  in  the  bevel  is  of  course  no  use 
for  walking  on  and  is  only  there  to  assist  wagons  up  the  slope. 
The  crossing  usually  is  shaped  to  the  cross  section  of  the  roadway, 
except  close  to  the  gutters,  and  the  stringers  are  set  flush.  The 
top  planks,  therefore,  rest  on  the  road  and  the  sloping  planks 
are  partly  bedded  in  it. 

On  a  gravel  or  dirt  road  it  is  usual  to  place  large  broken 
stones  under  the  planks  and  belw^-n  the  stringers  to  provide  ven- 
tilation for  the  planks,  at  the  same  time  acting  as  a  support 

At  a  distance  of  three  or  four  feet  from  the  curb  the  top 
planks  change  direction  so  they  will  rest  on  it  and  the  bevelled 
planks  are  stopped.  This  gives  a  continuous  walk  across  the 
Street  and   leaves  space  for  the  gutter  underneath. 

For  macadam  streets  the  cross  walks  may  be  of  wood,  stone, 
brick  or  concrete.  The  widths  are  settled  according  to  the  fancy 
of  the  parties  putting  them  in.  No  walk  should  be  less  than 
three  feet  wide  and  wider  walks  should  be  used  on  main  streets. 

Wooden  cross  walks  are  like  those  above  described.  Brick 
cross  walks  are  made  of  vitrilied  paving  brick  set  on  edge  and 
grouted  between  the  joints  with  cement.  It  is  a  good  plan  to 
set  a  two-inch  plank  on  edge  on  each  side  of  a  brick  walk  to 
take  the  shocks  of  wheels.  The  top  of  the  plank  lo  be  level  with 
the  top  of  the  brick  at  the  edge.  The  walk  should  be  slightly 
crowned  (about  two  inches  in  a  five-foot  walk  and  proportionately 
less  for  narrow  walks)  to  prevent  water  standing  on  it  and  to 
make  it  sightly  in  appearance. 

Concrete  cross  walks  should  be  slightly  crowned,  as  for  brick 
cross  walks,  and  they  also  should  have  a  wooden  plank  on  edge 
to  take  shocks.  The  writer  prefers,  however,  in  the  case  of  con- 
crete cross  walks  to  place  an  edging  of  stone  blocks  between 
the  concrete  and  the  plank.  Concrete  cross  walks  are  very  hand- 
some and  look  well  if  care  is  taken  to  prevent  a  break  on  the  edge. 
Somehow  concrete  goes  to  pieces  rapidly  after  it  starts. 

Stone  cross  walks  may  be  constructed  of  ordinary  stone  pav- 
ing blocks,  of   large  flat   flags,  or  of   rvibble.     Stone   paving  blocks 
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are  the  best  and  should  be  laid  close  together  and  be  grouted  in 
the  joints  with  cement  grout.  Large  stone  flags  are  difficult  to 
get,  are  seldom  smooth  and  generally  too  expensive  considering 
the  lack   of   appearance. 

A  rubble  slone  cross  walk  is  made  by  smoothing  off  the  space 
and  tamping  it  hard.  Set  a  thick  plank  on  edge  on  each  side 
and  cover  the  space  with  a  stiff  cement  mortar  mixed  one  to 
three,  about  one  inch  thick.  Bed  in  this  stones  from  four  to 
eight  inches  square  on  top  and  as  nearly  cubical  in  shape  as  can 
be  procured  without  taking  special  pains  to  cut  them.  The  top 
should  be  smooth  as  possible  and  the  stone«_  are  to  be  pressed 
into  the  mortar  below  so  they  will  form  an  even  surface  on  top 
for  the  walk.  After  the  stones  arc  all  set  pour  between  the  joints 
a  thin  soft  mixture  of  one  to  three  cement  mortar  until  the  ^paee^^ 
and  joints  are  filled  flush.  When  the  morlar  sets  the  top  of  the 
walk  looks  like  mosaic  work.  Such  a  walk  looks  well  if  slightly 
crowned.  It  is  very  good  looking  and  durable,  while  not  so  ex- 
pensive as  either  brick,  cut  stone,  or  concrete. 

The  cross  walk  follows  the  cross  section  of  the  street  until 
it  gets  within  five  or  six  feet  of  the  curb.  Then  it  goes  on  a 
straight  line  for  the  top  of  the  curb.  Within  about  three  feet  it 
stops  and  ends  at  a  concrete  curb  as  a  sort  of  small  retaining 
wat!.  This  wall  goes  gradually  down  on  a  slope  on  each  side  until 
at  a  distance  of  about  two  feet  each  side  of  the  walk  it  reaches 
the  street  surface.  It  has  a  recess  cut  in  the  top  opposite  a 
similar  recess  on  the  sidewalk  curb.  This  is  to  receive  the  ends 
of  planks  serving  to  bridge  the  gutter,  or  iron  plates  that  are 
sometimes  used  for  the  same  purpose.  Some  cities  have  the  cross 
walk  come  .within  -one  foot  of  the  curb  and  have  no  bridge  plank 

Streets  that  are  paved  with  any  of  the  more  durable  and 
modern  pavements  have  no  cross  walks.  At  the  place  where  the 
crossing  comes  the  curb  parallel  with  the  sidewalk  curb  is  put 
in  place  and  the  cross  section  of  the  street  at  the  crossing  point 
is  altered  so  it  makes  practically  a  level  crossing  from  ciirlj  to 
curb.  .It  is,  seldom  that  with  such  crossings  any  covering  is  put 
over  the  gutter  opening.  The  writer,  however,  always  prefers  the 
gutter  coverings  and  to  have  the  area  larger  than  is  customary 
where  they  are  not  used. 
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Gutters  on  earth  roads  are  generatty  ditches  of  considerable 
depth  in  the  outlying  districts  and  are  merely  rounded  edges  of 
the  roada  with  a  depression  of  from  six  inches  to  one  foot,  in 
the  more  settled  parts  of  town. 

For  macadam  or  gravel  roadways  on  parked  streets  the  gut- 
ters should  be  nicely  rounded  depressions  not  more  than  four  inches 
deep  and  from  two  to  three  feet  wide  nicely  paved  with  cobbles  or 
flat  stones  or  paving  brick.  They  malce  a  good  loolfing  division 
between  the  roadway  and  the  grass. 

On  macadam  or  gravel  streets  not  parked,  the  gutters  where 
wooden  curbs  are  used  generally  consist  of  a  wide  plank  spiked 
to  the  curb  at  a  slight  angle.  This  plank  is  practically  on  a  con- 
tinuation of  the  slope  of  the  roadway  toward  the  curb.  It  is 
better,  however,  to  make  a  gutter  three  feet  wide  of  stones  grouted 
in  the  joints  with  cement  mortar. 

The  specification  is  as  follows,  for  this  as  well  as  for  the 
gtttter  in  the  parked  roadway: 

"The  Sutter  shall  consist  of  stones  not  less 
than  four  inches  nor  more  than  eight  inches  in 
any  dimension,  laid  with  the  flat  side  uppermost 
in  a  bed  of  cement  mortar  composed  of  one  (1) 
part  of  approved  Portland  cement  and  three  (3) 
parts  of  clean  coarse  sand.  Spalls  shall  be  used 
to  partially  fill  the  interstices  and  the  upper  sur- 
face shall  be  well  formed  and  laid  to  the  lines 
set  by  the  engineer.  The  bottom  shall  be  a  circu- 
lar arc.  After  the  stones  are  laid  in  place  and 
tiie  surface  pronounced  satisfactory  by  the  engi- 
neer the  contractor  shall  fill  all  the  interstices 
with  a  cement  grout  composed  of  one  (1)  part 
of  approved  Portland  cement  and  three  (3) 
parts  of  clean  coarse  sand  mixed  with  enough 
water  to  make  it  about  the  consistency  of  heavy 
oil.  The  grout  shall  be  poured  into  the  inter- 
stices from  a  spout  and  shall  not  be  laid  over  the 
surface  and  swept  in  with  brooms.  The  inter- 
stices must  be  well  filled  with  the  grout  to  make 
the  gutter  solid  and  strong,  and  to  prevent  the 
stones  from  being  washed  out  by  a  rush  of 
water." 
For  a  gutter  composed  of  brick  or  stone  blocks  the  specifica- 
tions should  provide  for  &  bed  two  inches  thick  of  cement  mor- 
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tu  m  which  the  bricic  or  the  stone  should  be  imbedded  and  the 
pieces  laid  together  as  closely  as  passible.  They  should  be  laid 
with  the  length  in  the  direction  of  the  street.  Grout  should 
be  poured  into  the  interstices  as  specified  for  the, stone  gutter. 

When  brick,  wood,  stone  block  or  asphalt  pavements  are  laid 
it  ii  uiual  to  have  the  pavement  continue  to  the  curb  with  no 
•pecial  provision  for  a  gutter.  It  is  becoming  the  custom  now  to 
have  a  combined  concrete  curb  and  gutter  for  all  streets  except  , 
those  paved  with  macadam  or  gravel. 

When  macadam  streets  are  tarred,  or  treated  in  a  way  that 
tends  to  preserve  them,  the  concrete  gutter  may  be  used.  Other- 
wise it  is  out  of  place  on  a  macadam  street 

In  towns  where  horses  are  standing  at  the  curbs  for  hours 
at  a  time  it  is  good  policy  to  make  gutters  of  vitrified  brick,  or. 
stone  blocks,  about  six  or  eight  feet  wide  on  all  streets  improved 
with  gravel  or  macadam  or  paved  with  asphalt,  tar  or  similar 
materials. 

The  continual  moisture  and  the  almost  continual  pawing  of 
iron  shod  hoofs  make  macadam  and  gnvel  and  asphalt  streeto 
go  to  pieces  in  a  short  taat 

Witliin  the  past  year  the  writer  has  noticed  several  very  wide 
gutters  made  of  concrete  blocked  off  like  paving  brick  or  stone. 

These  gutters  presented  a  neat  appearance  and  have  proven 
durable  when  well  made.  Because  of  the  fact  that  good  concrete  ma- 
terial  can  be  obtained  nearly  everywhere,  many  cities  will  use  such 
gutters  where  heretofore  the  difficulty  and  expense  of  securing 
suitable  paving  stone  or  brick  have  held  hack  needed  improvements. 


USUAL  SPECIFICATIONS  FOR  CONCRETE  SIDEWALKS. 

AJ[  catling  Bnd  filling  necessary  to  Tiring  the  foundation  to  subgrade  as 
given  tiy  tlie  engineer  in  charge  of  the  ivork,  must  be  done  by  the  con- 
tmctor.  When  necesaary  the  foundation  must  be  consolidated  by  wotting  and 
by  rolling  or  ramming  to  give  it  proper  stability.     Soft  and  spongy  places  not 
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land  cement,  two  parts  best  clean,  coane,  sharp  sand.  After  mixing,  dry.  iiva 
parts  of  broken  stone,  of  a  size  nut  larger  than  two  and  one-half  (2HJ  inches  in 

as  will  Eive  a  sunilus  of  moisture  when  runmed  (or  a  concrete  mixer  may  be 
used). 

The  second  layer  or  finishing  coat,  one-half  (H)  inch  in  thlckneis.  to  be  made 

be  made  with  tar  paper  or  by  meana  of  removable  plates  or  boards  to  form  ex- 
pansion joints  or  planes  of  weakness.  The  squares  shall  be  not  to  exceed  ten  feet 
in  ^le.  The  surface  shall  not  be  dusted  »iih  dry  cement  and  shall  br  thoroughly 
trowelled  and  floated  smooth. 

When  completed,  the  surface  shall  be  covered  with  sand,  stran-,  hay  or  cloth 
and  kept  wet  for  not  less  than  six  days,  and  the  material  covering  it  shall  then 


be  allowed  two  days  in 
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h  to  dry  before  being  remo 

veds 

md 
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execKle 
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rict  a 

ccordance  therewith. 

Speeificaiions  for  combined  curb  and  gutter  ;irt  given  in  the 
Chicago  and  Richmond.  Ind,,  specifications. 

Specifications  for  concrete  crosswalks  can  safely  follow  die  con- 
crete roadway  specifications  used  in  Richmoni!,  Ind. 

NATIONAL    ASSOCIATION    OF    CEMENT    USERS. 
PHILADELPHIA,  PA. 

Adopted  January  ■?4.  1908. 
MATERIALS. 
The  cement  shall  meet  the   requirements  of  the  specifications  tor  Portland 
cement  of  the  American  Society  for  Testing  Materials,  and  adopted  by  the  N'ational 
Association  o.'  Cement  Users.  January,  1905. 

Teen  and  be  free  from  foreign  matter,  eiccpling 
mitted  if  the  quantity  does  not  eiceed  five  (5)  per 


Or  36%  pass  a  No   1 
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Stone  ihaH  be  enuhed  llDni  clean,  sound,  hard,  durable  n 
dry  through  ■  "i-m.  meih,  and  be  retained  on  a  !4-in.  mesh. 

quirements  for  asnd.  may  be  iub*tituUd  for  sand  i(  so  approved. 

Gravel  ■ha!1  be  clean,  hard  and  vary  in  sues  from  thai  nt 
quarter  IH)  in.  mesh  to  that  passed  bj-  a  three-quarter  Ci)  in.  m 

Unscreened  Eravel  ahiLll  be  Oean,  hard  and  contain  no  part 
thrw-qu»fters  Oi>  in.     The  pinponions  of  fine  and  coarac  partii 

Water  shall  be  tsBKinaUly    clean,  free  from  .>il,  sulphuric  i 


and  not  less  than  one  and  three- 
quartera  (IH)  in,  thick.  AH  mortar  and  dirt  shall  be  removed  from  forms  that 
have  been  previously  used. 

The  forms  shall  be  »f11  staked  to  the  established  lines  and  grades,  and  their 
upper  edges  shall  conform  with  finished  grade  of  the  sidewalk,  which  shall  haveBuffi- 
dent  rise  from  the  curb  to  provide  proper  draiaage:  but  this  rise  shall  not  exceed 
one-quarter  (tj)  of  an  inch  per  foot,  eicept  where  such  rise  shall  parallel'  the 
length  of  the  walk. 

At  each  block  division,  cross  forms  shall  be  pat  in  the  full  width  of  the  walk 
and  at  right  angles  to  the  side  forms, 

A  metal  parting  strip  one-half  |H)  in.  thick  shall  take  the  place  of  the  cross- 
forms  at  least  once  in  every  fifty  |SD)  linear  feet  of  sidewalk.  When  the  sidewalk 
has  become  sufficiently  bard,  this  parting-strip  shall  be  removed  and  the  joint 
filled  with  suitable  material  prior  to  opening  the  walk  to  traffic.  Similar  joints 
shall  be  provided  where  new  sidewalks  abut  curbing  or  other  artificial  atone 
tide  walk. 

them. 

SIZE  A>fD  THICKNESS  OF  BLOCKS, 
In  business  districts  blocks  shall  be-so  divided  that  no  dimensions  shall  be 
greater  than  six  (ll.l  ft.;   thickness  of  sidewalk  shall  correspond  directly  with  the 
greatest  dimensions  of  the  walk,  as  follows: 


In  residence  s 

■■       3x3    ■                         .1 

at  the  ed^es  twent 

,-five  CM)  per  cent  len  than  the  t 

Iti  no  case  sha 

the  thickness  of  the  walk  be  >ss 

SUB-BASE 

hall  be  thoroughly  rommed,  and 
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uitoble  hard  material. 
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When  a  fill 

excecilintt  one  foot  in  thlcknesg  is  required,  il  si 

oompBctrd  by 

Hooding  and  lai-.-.pinR  in  layen  of  not  exeeedii 

and  shall  have 

a  slope  of  not  leu  than  one  to  one  and  a  half. 

Th.  top  ot 

■11  &11>  shall  extend  at  leaat  12  in.  beyond  the  m 

While  mm, 

maintained  in  t 

BASE, 

TheoMicrel 

fiU  the  void*  in 

1  the  sand  by  at  least  five  (3)  per  cent   and  the 

fill  the  voidi  in 

the  •tone  or  gravel  by  al  least  ten  (10)  per  cent. 

uiaU  not  excnd  one  (1)  part  of  cement  to  eight  (S)  pans  <rf  tl 

of  one  (11  pan 

cement,  three  (3)  parts  sand  or  screeniiBs  and  f 

or  gravel.     A  ! 

and    shall  be 


]1  with  sand  and  let 


This  Formula  may  also  be  used  in  . 

Teenings  by  substituting  for  S.SS  the  sr 

The  following  is  a  more  simple  melht 


(a)    HatuS  Mixing: 

The  sand  shall  be  evenly  spread  on  a  level  naler'tight  platform,  and  the 
cement  spread  upon  the  sand.  After  thoroughly  mi.\inR  dry,  to  a  uniform  color, 
water  shall  be  added  in  a  spray,  and  the  mass  turned  until  homogeneous' mortar 
of  even  consistency  ia  obtained.     To  this  mortat  shall  be  added    the    required 

mined  until  all  the  aggregate  is  thoroughly  coaled  with  mortar. 

Where  unscreened  gravel  is  used,  the  cement  and  gravel  shall  be  thoroughly 
mixed   dry.  until  no  streaks  of  cement  are  visible.     Water  shall  be  added  with  a 

Wftter  may  be  added  dutinB  the  process  of  mixing,  but  the  concrete  shall  be 
turned  at  least  once  immediately  after  its  addition, 
ib)    Mahataad  MixiHt: 

Machine  mixing  will  be  acceptable  nhen  a  concrete  equivalent  in  quality  to 
that  specifieil  above  is  obtained.  The  mixing  of  mortar  and  con.Tete  3lwll  be 
thorough  and  satisfactory  to  the  engineer. 
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Ret* 
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■WEARIXG  SURFACE. 

Tbe 

wearinK  courM  shall  have  a    hicknes 

o£  at  teas 
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After  being  norked  to  an  approiimately  true  surface,  the  block  markings 
lall  be  made  directly  over  the  joints  io  the  base  with  a  tool  which  shall  be  cut 


tool,  toothed  roller,  brush,  wooden  float 
s  shall  be  used,  which  shall  be  incorporated 
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PROTECTION  AND  GRADING. 
Wben  completed,  the  sidew&lk  shall  be  kept  moist  and  protected  fiom  tnffic 
and  llie  ebmenla  for  at  least  three  days.    The  forms  shall  be  removed  with  great 

Grading  after  the  valks  htc  ready  for  uae  should  be  on  the  curb  dde  of  the 
■idenalk,  one  and  one-half  (I^)  ini.  lower  than  the  sidewalli,  and  not  len  than 
oneK)uarter(K>iii' to  the  footfall  towards  the  curb  or  gutter.  On  the  pmperty  side 
of  the  waHt  the  ground  should  be  Rrsricd  back  at  least  two  (2)  ft.  and  not  tower 
than  the  walk;   thii  will  uuure  the  frost  throwing  the  Valk  alike  on  both  lidei. 
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CHAPTER  rv. 
STREET  PAVEMENTSl 


It  is  an  axiom  in  street  paving,  as  in  most  other  work  that 
the  material  lowest  in  first  cost  is  generally  highest  in  cost  of 
maintenance.  Therefore  get  the  best  pavement  the  tax  payers  can 
afford.  But  it  is  sometimes  better  to  put  down  some  material  to 
be  replaced  later  by  a  better  than  to  postpone  an  improvement  in- 
definitely. Sometimes  a  cheap  pavement  arouses  enthusiasm  and 
causes  an  improvement  boom  where  a  more  expensive  pavement 
might  be  so  ruinous  to  purses  that  it  would  actually  retard  all  desire 
for  improvement. 

It  is  easy  to  generalize  and  easy  to  give  the  experience  of 
other  cities.  The  average  tax  payer  will  not  be  inclined  to  take 
another  person's  word,  but  will  judge  for  himself  when  it  comes  to 
spending  money  for  improvements. 

Away  from  cities  with  good  railroad  communication  the  ques- 
tion of  material  for  street  paving  is  entirely  local.  Where  one 
material  can  be  laid  down  as  cheaply  as  another  the  fancy  of  the 
individual  may  be  indulged  and  the  city  streets  be  a  patchwork  if 
the  people  vote  that  way.  When  freight  rales  are  high  and  lirst- 
class  material  is  imported  at  great  cost  the  question  is  a  burning 
one.  This  should  be  remembered  in  reading  articles  on  paving  in 
magazines  and  other  publications.  The  writer  in  New  York  or 
London  can  not  settle  the  question  for  the  people  of  Timbucloo 
nearly  so  well  as  the  people  of  Timbuctoo  can  for  themselves,  after 
they  have  had  a  little  education  and  have  obtained  some  ideas  on 
the  comparative  values  of  the  different  materials  most  used. 

Local  considerations  largely  govern.  One  is  the  freight  rate 
on  the  materials  usually  considered  best  and  the  proximity  of  nia- 
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uriats,  suitable  for  pavements,  usually  given  a  lower  place.  Another 
is  the  necessity  for  skilled  supervision  of  certain  pavements  during 
construction.  If  the  local  engineer  has  not  enough  of  the  requisite 
scientific  knowledge  to  know  that  a  lirst-cla:s  job  is  being  secured 
and  the  city  can  not  afford  to  employ  the  man  with  the  knowledge 
and  experience,  s<Mne  materials  must  be  barred  out..  Another  b 
experience  in  maintaining  certain  pavements.  If  the  city  has  not 
the  proper  men  and  can  not  afford  them  then  another  material  will 
be  barred  out 

Each  place  must  study  carefully  all  the  local  conditions  and 
improve  the  streets  in  the  best  way  passible  in  that  particular 
locality  with  reference  to  the  good  of  the  community  and  the  least 
legitimate  cost.  Any  of  the  leading  materials  will  make  a  ttrst-class 
pavement  under  proper  conditions.  It  only  requires  common  sense 
and  a  proper  regard  for  the  value  of  the  opinions  of  men  trained 
in  the  work;  and  possessed  likewise  of  common  sense,  so  their 
experience  is  of  value  to  those  who  employ  them. 

No  street  will  last  forever  without  some  sort  of  maintenance 
and  system  for  repairing.  Constant  attention  is  required  and  there 
must  be  wise  ordinances  well  enforced  to  keep  the  streets  properly 
preserved,  in  a  state  to  travel  upon  with  comfort  and  satisfaction. 

In  the  case  of  macadamized  streets  it  has  been  found  by  actual 
observation  that  the  cost  of  maintenance  is  one-third  greater  after 
the  putting  down  of  street  car  tracks.  On  such  a  street  a  T  rail 
can  be  used  under  proper  specifications,  but  a  provision  should  be 
placed  in  the  franchise  providing  that  some  other  form  (preferably 
a  grooved  girder  rail)  shall  be  put  in  when  the  street  is  paved  with 
wood,  stone,  brick,  asphalt  or  other  material  better  than  macadam. 

It  has  been  proven  thai  street  car  tracks  on  a  street  shorten  the 
life  of  any  pavement  placed  thereon.  When  franchises  are  granted 
for  street  railways  the  manner  of  constructing  the  road  bed  ^ould 
be  carefully  specified  and  the  form  of  rail  to  be  used  should  also 
be  spedlied.  The  street  railway  company  should  also  pay  a  part 
of  the  maintenance  cost. 

If  an  electric  road  operated  by  a  trolley  is  to  use  the  streets 
the  double  trolley  system  should  be  used,  as  there  will  be  I^ss  danger 
from  electrolysis.  In  the  single  trolley  system  the  return  current 
goes  back  underground  and  at  every  possible  opportunity  it  attacks 
metal  pipes  in  the  ground.     When  an  electric  road  is  to  be  built 
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the  city  should  employ  a  competent  electrical  engineer  to  prepare 
the  specil^cations  for  doing  the  work  and  have  him  send  an  inspector 
to  see  that  the  work  is  done  right.  No  road  should  be  built  without 
the  city  taking  some  such  means  for  protection. 

To  avoid  destroying  a  street  by  too  frequent  openings  for  water, 
light  and  sewer  connections,  swne  regulation  of  pipe  laying  is  neces- 
sary. It  is  well  enough  to  have  specifications  for  the  opening  of 
the  streets  and  the  restoration  of  the  surface,  but  the  inspection  is 
too  often  slighted. 

The  best  way  is  to  require  all  pipes  (other  than  sewers)  to 
be  laid  at  definite  depths  and  at  definite  distances  from  the  property 
lines.  On  streets  going  in  one  direction  the  depths  and  distances 
will  be  different  from  those  required  on  intersecting  streets.  At 
least  twelve  months  before  the  street  is  paved  all  water,  gas  and 
sewer  connections  should  be  made.  The  best  plan  is  to  require 
service  pipes  and  drains  to  be  laid  every  85  feet  on  each  side  of  the 
street  to  a  point  one  foot  inside  the  curb  line.  When  connections 
are  afterwards  made  to  the  houses  no  openings  will  be  necessary 
in  the  roadway. 

Maps  of  all  the  pipe  lines  showing  the  location  and  depths  of 
house  connections  should  be  kept  in  the  olHce  of  the  city  engineer. 
See  Chapter  XII. 

The  question  of  street  paving  materials  is  a  burning  one.  It 
is  not  settled.  When  a  town  becomes  a  city  of  about  20,000 
inhabitants  the  G>uncil  awakes  to  the  fact  that  some  decision  should 
be  arrived  at  regarding  the  best  material  to  use  and  committees,  are 
sent  to  cities  near  by  to  investigate  conditions.  They  are  usually 
met  by  the  agent  for  some  particular  material  and  shown  the  work 
his  company  is  doing. 

In  the  meantime  the  city  engineer  formulates  questions  and 
sends  them  with  stamped,  addressed  envelopes  to  all  the  cities  he 
knows  of,  having  about  the  population  of  his  city.  If  half  the  papers 
come  back  he  is  pleased,  for  so  much  of  this  is  done  that  few  men 
care  to  bother  with  replies.  The  writer  knew  of  one  city  sending 
out  five  hundred  letters  of  inquiry  and  receiving  twenty-seven 
replies. 

From  the  data  thus  obtained  the  engineer  makes  out  tables 
and  prepares  a  report.  Frequently  he  rushes  into  print  with  it.  The 
writer  has  reports  in  his  possession  made  from  data  thus  obtained 
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and  some  men  recommend  one  material  and  some  men  recommend 
another,  as  most  suitable  for  their  particular  case,  - 

Apart  from  strictly  local  considerations  the  following  points 
are  to  be  taken  into  consideration  in  selecting  a  material  for  street 
paving:  Appearance,  ease  of  traction,  cleanliness,  healthfulness, 
noise  and  cost  The  ideal  pavement  is  durable,  noiseless,  cleanly, 
healthful,  easy  to  travel  on  and  cheap.  The  ideal  pavement  has  not 
come  into  use  so  far  as  the  writer  knows.  The  best  we  can  do  is 
to  approximate  to  it,  although  there  are  men  selling  certain  materials 
who  have  tables  of  percentages  to  prove  their  pavement  is  the  ideal. 
The  loads  a  horse  can  draw  on  a  perfectly  level  roadway  each 
day  is  given  by  Haswell  as  follows; 

Asphalt    6,005  pounds 

Stone  block a,006      " 

Ordinary  stone  block i,82s      " 

Hard  macadam  1,391      " 

Hard  gravel  1,379      " 

Hard  earth  1.193      " 

Worn  stone  block 1,137      " 

Cobble  slone   .730      " 

Ordinary  earth  4Sfl      " 

Sand  288      " 

Brick  had  not  come  in  as  a  paving  material  when  that  table 
was  prepared,  but  it  is  close  to  asphalt.  Wood  should  have  been 
mentioned,  but  a  properly  constructed  wood  pavement  is  as  good 
as  asphalt. 

The  following  figures  given  by  asphalt  companies  show  the 
comparative  cost  ot  haulage  on  streets  paved  with  various  materials. 
There  is  little  reason  to  doubt  their  close  agreement  with  observa- 
tion, even  if  presented  by  parties  advertising  a  particular  material. 
Cost  to  move  one  ton  one  mile  by  horse  power  (estimate  made 
in  Indiana)  - 

Asphalt    2.7  ctt. 

Block  stone  pavetnent  (average) 5.3  cts. 

Macadam  in  good  order 8.0  cts. 

Gravel  road  8.8  cts. 

Earth  road,  hard  and  dry 18.0  cts. 

Macadam  with  ruts 26.0  cts. 
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Wet  sand  32.0  cts. 

Earth  road  with  ruts  and  mud 39.0  cts. 

Dry  sand  64.0  cts. 

It  will  be  noticed  that  there  is  no  mention  made  of  brick  c 
wood  ir  the  above  table.  The  cost  is  practically  Ihe  same  as  fc 
asphalt. 

7)tBLE  I. 

Values  of  Pavements. 


Table   I   has   been   taken   from   Baker's   Roads   and   Pavements, 
th  a  slight  rearrangement  of  the  columns.     No  changes  have  been 


ovGoo^lc 


STREET  PAVEMENTS.  45 

made  in  the  figures,  however.  The  table  has  been  made  from 
reports  received  from  many  cities,  most  of  them  of  considerable 
size.  Other  men  give  values  considerably  different  and  the  writer 
has  found  thai  the  values  assigned  vary  with  the  average  sizes  of 
the  places  from  which  reports  are  received  and  the  completeness  of 
the  reports.  The  town  also  from  which  a  tavorubie  report  was 
received  on  one  pavement  may  have  been  close  tn  a  city  where 
there  were  many  first-class  contractors  laying  it.  The  town  con- 
demning it  may  lie  far  away  from  good  contractois.  The  table, 
however   is  interesting. 

Mr.  T.  J.  McCarthy,  assistant  cily  engineer  of  Ifolyoke,  Mass., 
received  a  great  many  inquiries  about  the  experience  of  that  city 
with  various  materials  and  prepared  Table  II  to  send  to  inquirers. 

It  will  be  noticed  that  he  lells  the  kinds  of  foundations  used 
for  different  materials.  This  is  an  important  point.  The  sub- 
surface should  be  thoroughly  compacted  and  the  writei  believes  it 
should  in  all  cases  be  underdrained  with  the  tile  leading  t-J  the  near- 
est manhole  or  catch  basin.  All  modern  pavements  shoidd  have  a 
concrete  foundation.  As  natural  cement  may  be  hurt  by  frost,  the 
cement  used  should  be  Portland  where  the  weather  conditions  are 
severe.  The  writer  is  opposed  to  pavement  foundations  of  brick, 
or  old  gravel  or  macadam. 

EARTH    ItOADS. 

A  town  first  tinkers  with  the  old  ■  earth  roads  when  people 
get  tired  of  mud.  It  buys  a  road  machine,  which  has  to  be  rebuilt 
every  spring  because.no  care  is  taken  of  it  between  while,  and 
buys  a  road  r6ller.  The  streets  are  rounded  this  year  according  to 
the  ideas  of  one  man  who  knows  little  about  it  and  next  year  of  a 
man  who  knows  less.  A  well  made,  well  kept  and  thoroughly  rolled 
earth  road  is  very  satisfactory  in  dry  weather.  It  is  pleasant  to  use 
when  not  dusty  or  muddy.  Seeing  that  it  is  either  the  one  or  the 
other  all  (he  time,  earth  roads  are  counted  as  not  just  the  thing 
for  prt^ressive  places. 


Gravel  is  the  first  improvement  tried.  The  ideas  of  men  differ 
exceedingly  as  to  what  constitutes  a  good  gravel  for  road  work. 
In  fact,  their  ideas  differ  as  to  what  may  he  termed  gravel      One 
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kind  is  very  fine  and  lias  sharp  edges  and  angles.  It  is  never  found 
rounded  like  marbles  or  cobblestones  and  is  pretty  fair  mattrial  to 
use  on  streets  with  little  travel.     Although  the  writer  gives  a  form 
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of  specilication  for  it,  he  wishes  to  say  il  is  a  most  expensive 
material.  If  rounded  river  gravel  is  used  there  is  no  improvement 
at  all.     Gravel  really  has  a  place  only  in  parks,  for  it  is  agreeable 
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to  travel  on  and  somehow  lils  park  surroundings.     Asphalt  is  out  of 

When  stone  is  used  for  a  pavement  it  packs  and  binds  partly  by 
reason  of  the  corners  and  angles  interlocking  and  preventing  any 
movement.  But  if  the  slone  have  round  sides  and  there  are  no 
angles  or  corners  it  must  be  held  togethei  by  means  of  some  binder 
or  cementing  material.  If  this  material  sets  and  nevei  softens,  as 
in  the  case  of  hydraulic  cement,  then  (here  can  be  no  objection. 
But  if  the  binder  is  day  or  earth  which  will  soften  when  wet,  the 
stone  gels  a  chance  to  move  around  and  the  larger  pieces  work 
to  the  top  by  reason  of  the  smaller  ones  working  down  as  they 
move  under  the  traffic  and  the  cementing  material  thus  acts  as  a 
hibricant.  Yet  many  people  advocate  gravel  because  it  costs  little 
at  first  and  because  it  will  "let  the  water  through."  This  after  a 
century  of  education  in  roadmaking. 

It  is  highly  desirable  that  the  earth  on  which  the  road  metalling 
rests  should  be  porous  and  easily  drained,  but  the  endeavor  of  the 
engineer  is  to  get  an  impervious  covering,  which  islermed  "metal- 
ling" when  composed  of  gravel,  cinders,  broken  slone,  etc.,  an<l 
which  is  termed  "paving"  when  composed  of  something  more  durable 
in  use  and  neater  in  appearance. 

The  only  way  to  use  round  gravel  is  to  put  it  through  a  rock 
crusher  and  when  it  goes  through  call  it  macadam  and  put  it  on  the 
road  in  accordance  with  the  best  possible  specifications  for  macad- 
amizing. 

HACADAM    KOADS. 

Macadam  is  far  superior  lo  earth  and  gravel.  It  retains  a 
hold  on  people,  for  it  is  low  in  first  cost  and  a  pleasant  material 
in  the  right  kind  of  weather  (one  or  two  months  in  the  year).  It 
is  a  good  material  with  which  to  start  the  street  improvement  ball 
rolling,  but  no  town  or  city  should  accept  a  macadam  street  to 
keep  it  in  repair.  A  street  should  not  be  accepted  until  it  is  paved, 
and  macadam  is  not  a  pavement.  It  can  be  used  on  any  grade  that 
a  toad  can  be  hauled  on  and  is  a  quiet  material,  so  remains  a 
favorite  for  residence  streets.  These  streets  should  be  improved  at 
low  cost  and  as  the  travel  on  them  is  not  heavy  the  cost  of  main- 
tenance is  not  3  large  factor,  considering  how  free  from  noise  and 
how  satisfactory  in  appearance  a  well  kept  macadam  road  is. 
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After  an  extensive  experience  with  macadamized  roadway?  the 
writer  does  not  favor  "the  stitch  in  time  method  of  repairs,"  as  it 
is  much  too  tfostly.  By  this  method  is  meant  the  keeping  of  piles 
of  repair  material  at  hand  and  having  men  patrolling  the  streets 
looking  for  broken  places  and  immediately  repairing  them  when 
found.  A  macadam  road  with  very  light  traffic  will  wear  one  inch 
in  a  year  and  with  heavy  traffic  will  wear  from  two  to  three  inches. 
An  attempt  to  save  this  wear  by  continually  placing  little  dabs  of 
material  in  depressions  is  foolish.  The  least  expensive  and  most 
satisfactory  method  is  to  pick  down  the  edges  of  depressions  and 
use  the  material  to  hll  the  low  places  with  the  addition  at  limes  of  a 
very  rmall  amount  of  new  stone.  When  the  entire  surface  has  worn 
down  three  or  four  inches  then  roughen  it  by  some  proper  method 
and  resurface  the  roadway  with  new  materi:^.!.  This  method  simply 
contemplates  that  no  dc-p  holes  and  no  ruts  will  be  allowed  to  form. 
One  man  with  a  team  can  do  as  much  work  on  the  streets  as  half 
a  dozen  men  with  two  or  three  teams  under  the  "stitch  in  time" 
way.  The  street  will  always  look  as  well,  so  the  maintenance 
cost  is  reduced  and  as  good  results  obtained. 

Specifications  are  given  for  macadam  roadways.  If  the  ground 
surface  is  excavated  one  foot  more  and  large  stones  on  edge  set 
closely  together  as  a  pavement  foundation  over  the  whole  surface, 
before  placing  the  macadam,  we  have  a  Telford  road. 

Dust  is  a  nuisance  on  macadam  roads,  so  it  is  customary  to 
sprinkle  them.  The  water  assists  in  binding  the  materials  together, 
at  the  same  time  it  carries  into  the  stone  certain  elements  that 
combine  to  destroy  and  disintegrate  it,  for  water  is  the  greatest 
solvent  in  nature.  The  dry  dust  is  ground  between  wheels  and 
the  hard  surface  and  helps  grind  it  up.  When  the  dust  is  wet  and 
in  the  form  of  thin  mud  this  action  is  worse.  For  this  reason  it 
is  good  policy  to  keep  the  macadam  as  free  from  dust  as  possible. 
This  is  best  done  by  an  occasional  scraping  up  of  the  dust  and 
hauling  it  away.  It  should  be  sprinkled  before  being  swept  up,  as 
it  is  more  readily  handled  when  wet.  After  all  is  hauled  away 
that  can  be  hauled,  the  street  should  be  washed  with  a  hose. 

Considerable  space  has  been  devoted  to  macadam  because  it 
is  so  well  known  and  such  a  present  favorite  with  the  majority  of 
people.  It  is  doomed,  however,  and  in  its  present  form  will  db- 
appear  probably  within  the  present  generation,  except  in  out-of-the> 
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way  places.  The  reason  for  this  is  the  rapid  ii 
ber  of  automobiles  and  the  high  speeds  at  which  they  usually  run. 
The  suclion  of  the  rubber  tires  on  gravel  and  macadam  roads  makes 
ihem  go  to  pieces  rapidly,  and  all  over  the  world  men  are  experi- 
menting with  different  methods  of  making  macadam  roads  more 
durable. 

This  is  generally  sought  to  be  accomplished  by  coating  the 
surface  with  some  asphaltic  or  oily  material.  Weslrumite,  named 
after  the  inventor,  Dr.  Westrum,  a  German  scientist,  is  an  oily 
material  which  is  placed  in  the  tanks  of  sprinkling  wagons  and 
mixed  with  the  water.  It  was  invented  for  the  purpose  of  allaying 
to  some  extent  the  sprinkling  nuisance.  It  is  largely  used  in 
Europe  and  has  lately  come  into  use  in  the  United  States.  One 
round  of  the  sprinkling  carts  with  Westrumite  seems  to  do  more 
good  than  several  rounds  with  plain  water.  As  the  liquid  binds  the 
surface  and  helps  slop  the  formation  of  dust  it  is  no  doubt  of  con- 
siderable benefit  on  streets  used  by  automobiles,  although  when 
first  introduced  the  inventor  had  no  thought  of  this.  He  simply 
wanted  to  lessen  the  formation  of  mud  by  sprinkling  and  make 
it  unnecessary  to  sprinkle  often. 

In  France  experiments  are  being  made  with  plain  tar.  It  lias 
been  tried  by  placing  it  on  dust  covered  roads,  forming  a  coating 
of  dust  and  lar  and  has  been  tried  on  roads  thoroughly  cleaned.  It 
has  also  been  put  on  cleaned  roads  loosened  for  a  depth  of  a 
few  inches  and  covered  with  an  inch  of  sand  and  rolled  after  the 
tar  has  been  added. 

Tar  is  a  material  that  stands  extremes  of  temperature  badly 
and  is  volatile  to  a  degree.  A  road  is  apt  to  go  to  pieces  if  the 
tar  gets  too  hard,  ajid  if  anything  is  added  to  it  to  keep  it  soft  it 
is  apt  to  be  disagreeable.  The  necessity,  however,  for  doing  some- 
thing to  improve  macadam  roads  will  be  sure  to  lead  to  experi- 
ments of  value.  Tar  is  now  comparatively  cheap  and  not  hard  to 
obtain  in  some  places,  so  it  may  be  utilized  largely  for  this  pur- 
Several  firms  in  the  United  States  advertise  lar  for  the  above 
purpose  and  also  for  the  construction  of  Tar  Concrete  and  Tar 
Macadam  roads,  which  we  will  touch  upon  later. 

For  some  years  oil  has  been  used  in  California  to  lessen  the 
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dust  nuisance,  which  is  almost  unbearable  during  the  long  dry 
summer  in  that  state.  All  grades  of  oil  are  used  and  the  plan  for 
country  roads  is  simply  to  saturate  the  surface  to  a  depth  of  a  few 
inches  to  make  it  heavy,  so  the  dust  will  not  rise. 

No  attempt  was  made  at  first  to  make  a  smooth  hard  surface, 
as  the  men  who  first  used  the  oil  believed  there  should  be  at  least 
an  mch  of  loose  material  on  tcp  to  incorporate  with  the  oiL  It 
w£.s  soon  noticed  that  if  the  oil  contained  a  heavy  percentage  of 
asphalt  it  improved  the  surface  of  the  road.  It  was  found,  also, 
that  as  the  surface  improved  the  road  was  used  for  heavy  teaming. 
The  good  surface  being  only  a  few  inches  thick  soon  went  down 
into  the  insufficient  foundation  and  the  road  became  rutty.  Today 
where  oil  is  used  it  is  either  used  as  a  thin  oil  frankly  to  save 
frequent  sprinkling  with  water,  or  a  very  heavy  oil  is  used  in  con- 
nection with  macadam  or  gravel.    This  is  the  best  way  to  use  it. 

ASPnALTED  MACADAU, 

The  roadway  then  is  of  asphalted  macadam.  The  macadam 
roadway  mttst  be  built  in  accordance  with  the  best  specifications, 
with  a  good  crown  and  very  smooth  surface.  The  macadam  has 
to  carry  the  loads.  The  asphalted  surface  simply  takes  all  the  wear 
and  is  a  thin,  slightly  elastic  covering  for  the  base.  Catch  basins 
should  not  be  used  on  the  surface,  for  standing  water  softens  it 
and  it  goes  to  pieces.  If  gutters  are  used  they  should  be  of  stone 
or  brick. 

After  the  macadam  base  is  put  carefully  down  a  thin  layer  not 
exceeding  one-half  inch  of  fine  angular  gravel  or  clean  coarse  sand 
is  spread  over  it  evenly  and  of  the  exact  thickness  required.  Upon 
this  is  applied  the  liquid  asphalt  or  heavy  asphaltic  oil  at  a  tem- 
perature of  not  less  than  150  degrees  F.  The  quantity  used  varies 
from  three- fifths  to  three-quarters  of  a  gallon  per  square  yard. 

Special  spreading  and  distributing  machines  are  used  for  this 
work.  After  the  first  coat  is  applied  it  is  allowed  to  stand  with- 
out disturbance  for  twenty-four  hours.  Then  a  second  thin  layer 
is  put  on  and  covered  with  from  two-fifths  to  one-half  gallon  of  oil 
per  square  yard.  This  likewise  stands  for  twenty-four  hours  or  as 
long  as  the  judgment  of  the  experienced  man  in  charge  thinks  is 
right.  Then  a  thin  coat  of  sand  or  fine  grave!  is  put  on  for  the 
purpose  of  absorbing  the  excess  of  oil.    Some  rolling  with  a  light 
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roller  is  done  to  get  the  surface  smooth  and  the  street  is  thrown 
open  to  travel.  If  sticky  parts  develop  they  are  filled  with  sand 
at  once. 

For  several  weeks  after  the  street  is  completed  it  is  a  good 
idea  to  roll  it  frequently  with  a  roller  of  at  least  ten  tons  to  make 
and  keep  it  smooth  during  the  hardening  process.  The  result  is 
a  smooth  asphalt  pavement  obtained  at  a  fracti^in  of  the  cost  of 
3  regulation  asphalt  pavement.  Sometimes  the  lolling  is  omitted 
alti^rether. 

The  liquid  used  to  secure  the  best  results  has  a  gravity  of 
about  10.5  degrees  B,  and  contains  over  80  per  cent  of  "D"  grade 
asphalt,  over  90  per  cent  of  asphaltum  in  liquid  form.  It  is  not 
so  likely  to  be  injured  by  th.;  high  degree  of  heat  necessary  to 
reduce  asphalt  to  the  hard  form  and  tak^s  longer  than  hardened 
asphalt  to  harden  in  use. 

If  asphalted  macadam  roads  are  built  in  state:  where  a  long, 
dry,  warm  season  can  not  be  depended  on,  the  ivjrk  should  be  done 
in  a  week  when  it  Is  hot  and  rain  is  not  to  be  expected.  The 
macadam  base  should  be  warm  and  dry.  Otherwise  a  good  bond 
will  not  be  secured  and  the  covering  will  be  inclined  to  peel  off. 

TAB  CONCSETE  BOADS. 

Use  tar  containing  iwt  more  than  5  per  cent  of  water  and  not 
less  than  SO  per  cent  of  pitch.  Have  the  tar  hot  and  the  stones 
dry  and  warm.  Use  enough  tar  to  coat  all  the  stones  and  construct 
the  roadway  exactly  like  constructing  a  regular  macadam  road, 
but  use  the  tar  throughout  in  every  layer. 

TAB    MACADAM    ROADWAYS. 

Roll  the  earth  thoroughly,  as  for  a  macadam  road.  Spread 
over  it  a  layer  four  to  six  inches  thick  of  stones,  like  the  lower 
layer  of  a  macadam  roadway.  Roll  this  layer  until  it  is  solid  and 
smootL 

The  bottom  layer  contains  no  tar.  Cover  it  with  two  or  three 
inches  of  crusher  run  stone  dried  and  wanned  and  mixed  with  hot 
tar,  using  from  ten  to  twelve  gallons  of  tar  per  cubic  yard  of 
■tone.  Spread  this  stone  quickly  and  in  an  even  thickness.  Cover 
It  with  a  half  inch  of  coarse  sand,  fine  gravel  or  rock  dust  and 
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roll.     Utile   rolling   is   required.      "I'hrow   it   open   to  travel   imme- 
diately. 

ARMOSED    MACADAM. 

Another  form  of  macadam  requires  notice.  Some  years  ago  a 
German  engineer  propounded  the  theory  that  macadam  roads  went 
to  pieces  rapidly  because  the  stones  in  the  top  layer  differed  so 
much  in  size  that  considerable  movement  occurred.  Under  constant 
rubbing  the  edges  ajid  angles  gradually  wore  off  and  this  made 
dust.  The  more  dust  the  greater  attendant  wear  because  the  dust 
has  a  grinding  action. 

Twelve  or  more  years  ago  he  built  armored  macadam  roads 
that  are  said  today  to  be  in  perfect  condition  under  very  heavy 
traffic.  They  are  being  experimented  with  In  England  at  present. 
The  subsurface  is  thoroughly  rolled  and  the  bottom  four  or  six 
inches  of  the  macadam  roadway  put  in  according  to  the  usual  speci- 
fications. This  is  solidly  rolled,  after  which  an  inch  of  sand  is 
placed  over  it.  On  top  of  the  sand  (and  partly  bedded  In  it)  stones 
four  Inches  deep  and  from  three  to  five  inches  square  are  placed  by 
hand  as  closely  together  as  possible.  Care  Is  taken  to  have  them 
as  nearly  cubical  In  shape  as  possible  and  as  nearly  the  same  size 
as  possible.  Fine  dry  sand  Is  brushed  into  the  close  joints  and 
the  entire  surface  is  covered  with  an  inch  or  two  of  sand.  This  is 
wet  and  rolled  in  order  that  all  the  joints  will  be  thoroughly  filled. 
The  appearance  of  the  street  is  that  of  fine  mosaic  work. 

s  excellent  where  automobiles 


PAVEMENTS. 

The  satisfaction  given  by  tar  pavements  during  the  first  months 
after  construction  has  led  to  the  introduction  of  the  bitulithic  pave- 
ment. Unfortunately  it  is  a  patented  pavement,  so  some  ingenuity 
has  to  be  exercised  in  drawing  specifications  permitting  its  use  in 
competition  with  other  materials. 

The  writer  wishes  to  go  upon  record  as  saying  that  with  honest 
workmanship  and  honest  materials  the  bitulithic  pavement  in  his 
opinion  has  a  latter  percentage  of  desirable  qualities  than  any 
material  he  is  acquainted  with.  It  approaches  very  nearly  the  ideal 
pavement. 
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By  making  the  above  statement  about  the  bitulitliic  pavement 
he  i^  not  to  be  understood  as  saying  that  it  approaches  the  ideal 
pavement  most  closely  for  all  places.  Local  considerations  must 
never  be  neglected.  It  is  in  ihe  abstract  that  the  remark  is  made, 
considering  that  a  city  can  make  a  free  choice  of  all  approved  mate- 
rials upon  a  practically  equal  basis.  In  a  particular  case  wood 
may  be  ideal  for  one  toivn,  brick  for  another,  macadam  (in  some 
one  of  its  many  forms)  in  another,  etc. 

So  far  as  the  writer  has  had  an  opporltinily  to  jndge,  and  he 
has  seen  the  pavement  in  many  cities,  the  bilnlithic  pavement 
jio.'isesses  all  ihc  advantages  of  asphalt,  with  few  of  the  disadvan- 
tages. Asphalt  a  few  years  ago  was  heralded  as  the  ideal  pavement 
under  all  conditions  and  for  all  places.  Today  it  must  take  a  sec- 
ond or  lower  place. 

While  the  bitiililhic  pavement  is  in  many  respects  similar  to  the 
tar  macadam  pavement,  the  great  secret  of  its  success  lies  in  the 
density  obtained  by  careful  arrangement  and  proportioning  of  sizes 
of  the  crushed  stone  to  fill  the  voids. 


Since  the  appearance  of  the  first  edition  of  this  book  the  Bureau 
of  Road  Inquiry.  Washington,  D.  C..  has  issued  pamphlets  de- 
scribing experiments  made  with  tar  treatment  of  roads,  giving  costs 
and  resnlts.  These  pamphlets  are  distribnted  free  of  cost  by  Ihe 
government 

Tarvia  is  a  preparation  of  tar  which  is  prepared  practically  by 
boiling  to  remove  all  moislnre  and  is  used  with  great  success  for 
macadam  road  preservation. 

This  is  essentially  a  roadway  wherein  a  bituminous  rock,  found 
in  Kentucky,  is  used  as  a  binder  and  top  coat  for  macadam  roads. 


These  pavements  are  a  California  production  and  consist  of 
oiled  streets  thoroughly  lamped  with  the  petrolithic,  or  Fitzgerald 
tamping  roller. 

Instead  of  simply  rolling  the  treated  surface  this  roller  tamps 
the  material  for  a  depth  of  several  inches.  The  illustration  on  page 
55  shows  the  roller,  and  specifications  for  petrolithic  pavements  in 
the  city  of  Los  Angeles,  Calif.,  are  given  at  the  end  of  this  chapter. 

The  accompanying  table  of  quantities  of  oil  retjuired  for  oiled 
r«ads  can  be  used  for  estimating  purposes. 
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STREET  PAVEMENTS. 


For  streets  having  heavy  travel  cobbles  were  used  iintil  lately. 
They  are  an  obsolete  pavement  but  as  inquiries  are  still  made 
about  them  they  deserve  some  notice  in  such  a  work  as  this. 

Cobbles  were  egg  shaped  pieces  of  gravel  varying  'n  size  from 
six  inches  in  length  and  breadth  to  as  much  as  ten  inches.  They 
were  laid  in  a  cushion  of  sand  on  a  shaped  street  surface  with- 
out any  foundation  and  lamped  into  place  with  heavy  tampers, 
then  covered  with  sand  or  fine  gravel,  wet,  and  rolled.  They  made 
a  noisy  pavement  not  particularly  easy  nor  at  all  pleasant  to  travel 
upon.  The  first  cost  was  about  the  same  as  macadam  but  the 
life  was  twenty  times  as  great.  The  interstices  can  not  be  cleaned. 
For  this  one  reason  cobble  pavements  arc  condemned  everywhere 
as  being  unsightly,  and  dangerous  as  well  to  health. 

STONE  BLOCKS. 

Granite  blocks  are  durable  and  much  better  than  cobbles, 
which  in  the  process  of  evolution  Ihey  followed.  They  are,  or 
should  be,  cut  regularly  to  shape  and  size  and  set  as  closely 
as  possible  to  make  the  joints  small  and  thus  lessen  noise  and 
make   them   more   healthful. 

The  question  of  heallhfulness  and  noise  has  been  met  in  late 
years  by  filling  the  joints  with  cement  grout  (which  is  apt  to  make 
the  pavement  slippery)  or  with  an  asphalt  grout.  The  joints  being 
filled  the  street  can  be  easily  kept  clean.  It  was  formerly  the 
custom  to  lay  them  like  cobbles  on  a  bed  of  sand  a  few  inches 
thick.  It  is  no  longer  done,  for  the  pavement  never  remained 
even.  The  foundation  can  never  be  too  good,  for  it  carries  the 
load.     The  pavement  is  merely  the  wearing  surface. 
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A  concrete  foundation  should  be  never  less  than  six  inches 
thick  and  in  some  places  where  the  earth  is  yielding  it  should 
be  eight  inches  thick.  This  applies  not  only  to  granite  blocks 
but  to  all  modern  pavements.  Upon  the  top  of  the  foundation 
should  be  a  bed  of  tine  sand  an  inch  thick  to  take  care  of  irregu- 
larity in  the  depths  of  the  blocks  and  also  to  prevent  the  loose 
ones  from  hammering  the  foundation  to  pieces. 

Stone  blocks  are  peculiarly  suitable  for  warehouse  districts. 
When  granite  can  not  be  readily  obtained  basalt  is  used.  This 
stone,  however,  gets  slippery  in  a  short  time.  In  some  parts  of 
the  world  there  are  varieties  of  sandstone  which  make  beautiful 
pavements.  Sandstone  can  be  trimmed  into  more  regular  blocks 
than  any  other  stone  and  the  size  of  Ihe  joints  thus  decreased, 
without  affecting  the  foothold  much,  while  it  does  have  a  decid- 
edly good  effect  in  lessening  noise  and  the  cost  of  cleaning. 

When  a  stone  block  pavement  gets  too  slippery  the  tops  of  ■ 
the  blocks  can  be  dressed  with  tools  or  the  blocks  can  be  taken 
up  and  relaid  with  the  bottoms  up.  In  fact  the  full  wearing  ca- 
pacity of  a  stone  block  pavement  is  not  reached  until  the  blocks 
have  been  dressed  once,  then  turned  when  the  effect  of  the  dress- 
ing has  worn  off,  dressed  on  the  turned  end  when  that  has  worn 
smooth  and  then  replaced  with  new  blocks  while  the  old  ones 
can  be  crushed  to  be  used  in  concrete  or  in  a  macadam  road. 


Still  following  the  line  of  evolution  (in  the  attempts  made 
to  use  local  materials)  we  come  to  wooden  pavements.  This  was 
tried  and  used  after  stone  blocks  proved  to  be  suitable  only  in 
certain  districts.  As  laid  in  various  cities  in  different  countries 
all  over  the  world  wooden  pavements  have  been  alternately  praised 

No  doubt  there  are  places  where  wooden  pavements  are  used 
after  having  been  down  over  twenty  years  and  are  giving  satis- 
faction, while  we  all  know  places  where  pavements  of  this  ma- 
terial have  to  be  replaced  every  five  or  six  years  and  in  some  places 
the  life  of  a  wooden  pavement  is  only  two  or  three  years.  Cedar 
block  pavements  have  been  tried  in  many  cities  in  the  United  States 
and  it  is  hoped  tbey  have  vanished  forever.     It  is  hard  for  us  to 
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understand  today  why  there  was  such  a  craze,  about  twenty  years 
ago,   for   them. 

Cedar  trees  six  lo  ten  inches  in  diameter  were  cut  into  six-inch 
lengths  and  these  blocks  were  used  for  paving.  Sometimes  they 
were  laid  in  a  bed  of  sand  on  the  earth  and  sometimes  on  boards. 
Once  in  a  while  it  was  thought  best  to  cover  the  boards  with  tar 
or  asphah  and  dip  the  blocks  in  the  same  material.  Sometimes 
the  planks  were  in  {wo  thickness,  well  covered  with  asphalt  and 
spiked  together.  Occasionally  a  concrete  base  was  used  and  some- 
times the  blocks  were  laid  on  an  old  macadam  roadway. 

The  blocks  were  laid  as  closely  together  as  possible  and  the 
interstices  caused  by  the  rounded  form  filled  with  gravel  or  sand. 
Then  asphalt  or  tar  was  poured  in  as  a  filler.  The  whole  idea 
was  low  first  cost.  While  new  they  made  a  good  .pleasing  pave- 
ment They  soon  got  old  and  rotted  from  the  bottom  as  soon 
as  moisture  got  at  them. 

Modern  wooden  pavements  are  made  of  rectangular  blocks 
placed  ,Dn  a  concrete  foundation  with  as  small  joints  as  it  is  pos- 
sible to  make.  It  is  now  generally  understood  that  a  close  grained 
wood  must  be  used.  Cedar  has  been  a  failure  because  too  soft, 
although  its  lasting  quahties  in  ordinary  situations  is  well  under- 
stood. A  hard  wood  is  not  desirable  because  it  gets  too  hard 
and  smooth  and  after  a  little  use  the  edges  of  the  blocks  become 
worn  and  it  is  filthy,  slippery  and  noisy.  The  proper  kind  of 
wood  then  is  one  that  is  close  grained  and  lies  between  the  hard 
and  soft  classification. 

It  must  be  kiln  dried  (except  in  the  case  of  California  red- 
wood) and  protected  from  decay.  The  blocks  should  be  about 
six  inches  long,  three  to  four  inches  wide  and  about  six  inches 
deep,  being  set  with  the  grain  vertical. 

Eucalyptus  wood  from  Australia  or  California  and  California 
redwood  can  be  used  after  drying,  by  simply  dipping  under  a  five 
foot  head  in  hot  asphalt  and  laying  at  once  on  the  foundation, 
which  should  be  covered  with  about  one-half  inch  of  sand.  It 
is  important  that  the  blocks  be  coaled  on  the  bottom  as  well  as  on 
the  tops  and  sides  with  asphalt. 

Wooden  pavements  rot  from  the  bottom.  If  the  b'.ocks  have 
no  asphalt  on  the  bottom  the  moisture  gets  through  after  traffic 
has  worn  the  top  coaling  off  and  collects  until  it  spreads  over  a 
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large  area.  When  it  reaches  a  porous  Mock  it  attadis  It.  In 
this  way  two  or  three  soft  blocks  can  let  enough  water  througrh 
to  destroy  yards  of  pavement.  If  the  asphalt  protects  the  blocks 
on  the  sides  as  well  as  on  the  bottom  and  the  top  each  block  is 
isolated  and  if  water  gels  into  it  there  is  no  danger  of  it  going 
farther.  When  the  storm  is  over  capillary  attraction  will  bring 
the  water  to  the  surface  and  the  sun  will  evaporate  it. 

The  writer  has  laid  satisfactory  pavements  of  Oregon  woods 
and  of  ordinary  pine  with  asphalt  but  believes  it  h  better  to  in- 
ject creosote  into  such  woods.  Creosoted  pavements  are  used  in 
many  places  with  satisfaction.  Over  the  top  of  all  wooden  pave- 
ments should  be  placed  a  coating  of  hot  asphalt  and  a  half  inch 
of  sand  or  very  fine  gravel. 

An  expansion  joint  is  necessary.  The  Australian  method  is 
to  put  a  two  or  three-inch  plank  alongside  the  curbs  and  occa- 
sionally across  the  street.  The  blocks  are  laid  as  tightly  as  pas- 
sible between  these  planks.  When  the  blocks  are  all  down  the 
planks  are  taken  out  and  the  space  filled  with  tamped  clay.  An 
American  improvement  har,  been  to  fill  the  space  with  asphalt. 
Thomas  K.  Muir,  of  Portland,  Ore.,  patented  a  joint  for  wooden 
pavements,  consisting  of  strips  of  canvas  asphalted  and  covered 
with  grated  cork.  This  was  laid  between  all  joints  across  the  street 
and  helped  the  foothold  on  steep  grades.  In  connection  with  this 
the  usual  method  of  putting  planks  along  the  curbs  to  be  taken  up 
and  replaced  with  asphalt  mixed  with  tar  or  sawdust  was  used. 

The  writer  has  a  great  fondness  for  a  well  laid,  properly  main- 
tained wooden  pavement,  but  of  course  understands  that  the  first 
cost  depends  nfion  the  source  of  supply;  and  the  cost  of  mainte- 
nance is  pretty  high.  It  is  an  agreeable  pavement  and  in  sec- 
tions of  the  country  where  the  right  material  is  readily  obtained 
might  easily  be  considered  an  ideal  pavement,  or,  rather,  be  con- 
sidered the  ideal  pavement. 

Wooden  pavements  have  given  satisfaction  for  many  years  in 
Germany,  France,  England  and  Australia.  In  some  cities  wood  is 
rated  highest  of  all  pavmg  materials.  Wherever  competition  per- 
mits the  replacement  of  wood  by  brick,  asphalt,  etc.,  because  of 
the    cost;   the    wood    pavements    are    going,    except    ir.    particular 

1  mistake  in  the  United  States  is  to  use  wood  oniy 
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on  streets  having  light  travel.  It  is  almost  impossible  to  have 
too  much  travel  on  a  wood  paved  street.  Experience  has  proven 
that  lieavy  traffic  is  decidedly  betielicial.  It  compresses  the  ends 
of  the  blocks  and  makes  them  durable.  A  wood  paved  street  re- 
quires considerable  water.  It  can  not  have  too  much.  Alternate 
■wetting  and  drying  injure  wood  more  than  anything  else.  Fre- 
quent trips  of  the  watering  cart,  enough  to  keep  the  pavement 
always  moist,  insures  long  life.  Laid  on  a  residence  street  with 
little  or  no  traffic  and  never  sprinkled  a  wood  pavement  will  hardly 
last  long  enough  for  the  property  owner  to  pay  the  final  assess- 
ment for  its  laying.  Put  on  the  street  having  the  heaviest  travel 
and  kept  continuously  net  it  vies  with  stone  blocks  in  durability, 
besides  being  cleaner  and   not  noisy. 

The  question  of  the  unheal thfulness  of  wooden  pavement  is  no 
longer  raised.  A  modern  wooden  pavement  is  perfectly  healthy. 
No  harmful  germs  are  ever  found  in  the  joints. 

BITUMINOUS    ROCK. 

This  material  was  used  for  many  years  in  California  until 
other  paving  materials  could  compete  in  price.  Beds  of  sand  im- 
pregnated with  asphalt  (bitumen)  were  quarried  and  the  material 
simply  heated  enough  to  enable  it  to  be  laid  in  thin  sheets  over 
a  proper  foundation.  It  was  then  rolled  until  cold.  In  appearance 
it  could  not  be  told  from  an  asphalt  pavement.  It  is  a  fairiy  good 
material  and  in  all  respects  but  one  the  equal  of  asphalt.  The 
one  defect  is  that  all  beds  of  sand  contain  more  or  less  loam 
and  earth  and  decayed  matter.  Consequently  the  material  is  not 
uniform  and  when  laid  on  streets  gees  to  pieces  irregularly.  Some 
parts  may  last  for  years  and  parts  last  only  a  few  months.  As 
soon  as  good  asphalt  deposits  in  California  were  developed  bi- 
tuminous rock  as  a  paving  materia)  was  discredited. 

ASPHALT. 

The  asphalt  used  in  Europe  for  many  years  was  an  asphaltic 
limestone,  or  rather  a  limestone  impregnated  with  asphalt.  It 
was  put  on  the  street  in  the  natural  stale,  like  bituminous  rock, 
but  made  a  slippery  pavement.  In  wet  weather  it  was  necessary 
to  sand   it  to  keep  horses   from   slipping.     This  slipperiness  was  s 
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great  objection  and  asphalt  diJ  not  grow  in  favor  until  the  «3t- 
ploitation  of  the  asphalt  lake  in  Trinidad  by  American  promoters 
and  the  formation  of  great  asphah  paving  companies. 

It  has  grown  in  favor  ever  since  and  many  other  sources  ol 
supply  are  drawn  upon.  It  is  believed  there  is  an  asphalt  trust 
that  controls  all  known  sources  of  supply. 

The  material  is  refined  and  brought  to  the  street  in  barrels 
where  it  is  softened  by  heat  and  mixed  with  sand  and  a  filler  of 
very  iine  material  and  laid  on  a  good  foundation  while  hot.  Be~ 
fore  it  cools  it  is  rolled  to  its  final  thickness  with  a  heavy  roller. 
It  should  be  cheap  if  cost  of  material  alone  is  considered,  for  only 
the  asphalt  is  brought  into  the  town.    The  rest  of  the  material  is 

The  mixture  of  asphalt,  sand  and  other  ingredients  must  be 
varied  with  the  climate,  grade  of  the  street  and  innumerable  other 
conditions.  This  calls  for  an  amount  of  skilled  supervision  few 
small  cities  can  command.  This  is  a  matter  that  demands  careful 
thought  on  the  part  of  the  council.  If  the  small  place  is  bound 
to  have  an  asphalt  pavement  without  disinterested  expert  advice 
and  guidance  the  authorities  should  bs  careful  to  award  the  con- 
tract to  some  very  strong  comptiy  under  a  maintenance  guarantee 
for  ten  or  fifteen  years.  The  qui.:tion  of  the  maintenance  bond  is 
a  legal  one. 

A  properly  laid  and  properly  maintained  asphalt  pavement 
can  not  be  too  highly  praised.  It  has  serious  defects,  however. 
It  is  easily  injured  by  oil  (another  argument  involving  the  auto- 
mobile), by  leaking  gas,  by  contraction  and  expansion,  by  standing 
water  and  excessive  moisture  and  improper  judgment  as  to  the 
use  of  fluxes  when  laying.  Asphalt  then  has  its  proper  place  iii 
the  large  cities.  If  used  in  small  places  they  should  be  close  to 
large  cities  where  it  will  not  be  difficult  to  get  competent  men  to 
hy  the  pavement  and  look  after  if. 

BRicir. 

Brick  pavements  run  a.-phalt  very  close.  They  also  require 
a  concrete  base  tor  rea;in3  before  mentioned.  The  use  of  brick 
is  another  case  where  local  i5n:'derations  are  a  large  factor.  The 
material  from  which  vitrified  paving  brick  are  made  can  not  be 
found  in  every  section  of  the  country.    The  "surface  dayi,"  known 
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to  every  brickmaker,  can  not  be  used  successfully  for  this  class  of 
brick,  the  range  of  lemperature  at  which  they  can  be  vitrified  be- 
ing very  narrow  by  reason  of  too  much  silica  or  too  much  lime. 
So  the  brick  will  be  either  unburned  and  thus  be  soft  or  will  be 
misshapen  and  can  not  be  used.  It  is  well  to  remember  this  when 
the  local  brickmaker  pleads  for  a  chance  to  burn  brick  for  paving 

An  impure  lire  clay  generally  known  as  "pipe  clay"  can  be 
used  for  paving  brick.  These  impure  clays  make  tough  paving 
brick  when  properly  vitrified.  As  it  requires  a  very  high  heat  to 
vitrify  them  gr^t  care  must  be  taken  that  the  brick  are  not  allowed 
to  be  soft. 

The  really  proper  material  for  paving  brick  is  a  shale  found 
generally  in  the  vicinity  of  coal  measures  and  known  as  "soap- 
stone"  and  also  as  "soft  slate."  These  shales  have  to  be  ground 
up  and  mixed  with  water  to  make  them  plastic  so  they  will  mold 
satisfactorily. 

It  can  readily  be  seen  that  if  vitrilied  brick  can  not  be  made 
near  the  town  it  will  be  difficult  to  count  on  it  as  a  paving  material. 
The  price  in  the  middle,  central  and  eastern  States  is  from  $5  to 
$8  per  thousand,  and  in  the  western  States  ffom  $15  to  $25.  At 
a  price  not  to  exceed  $15  per  thousand  brick  can  compete  with 
asphalt.  If  it  has  to  be  hauled  any  considerable  distance  the 
freight  item  kills  all  consideration  of  its  use  for  paving.  The 
cost  is  too  great,  for  all  the  pavement  is  brought  in,  whereas  with 
asphalt  only  about  10  per  cent  is  foreign  material,  the  rest  being 
local.  Bituminous  rock  and  asphaltic  limestone  could  not  com- 
pete with  asphalt  as  it  constituted  only  about  10  per  cent  of  the 
pavement,  hence  freight  charges  were  low.  The  other  two  ma- 
terials had  to  be  brought  in  entire  and   freight  charges  were  high. 

Brick  pavement  is  in  every  way  as  satisfactory  as  asphalt  where 
tried  side  by  side.     There  are  enthusiastic  supporters  of  each  ma- 

If  the  first  cost  of  the  two  materials  is  the  same  the  writer 
prefers  brick.  The  cost  of  maintenance  is  no  higher  for  brick.  Ii 
is  practically  as  noiseless  as  asphalt  and  the  clicking  sound  of 
horse  shoes  on  it  has  seldom  been  mentioned  as  objectionable,  Tf 
not  properly  put  down  there  is  apt  to  he  a  distressing  rumble  under 
continuous  traffic  but  it  is  not  a  characteristic  inseparable   from 
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Ihe  use  of  Ihe  material.     It  should  have  expansion  joints  placed 
as  described  for  wood   pavemeDts. 

The  great  argument  in  favor  of  wood  and  of  brick  as  against 
asphalt  is  that  highly  trained  scientiiic  supervision  is  not  so  neces- 
sary as  with  asphalt  and  there  is  no  necessity  for  a  complete  re- 
liance upon  the  honesty  of  the  contractor  in  the  absence  of  spe- 
cial expert  advice. 

Given  proper  specifications,  a  careful  selection  of  material  by 
an  honest  man  of  the  most  ordinary  education,  with  honest  super- 
vision by  men  of  little  or  no  education  but  with  common  sense,  and 
brick  or  wood  pavements  can  compete  successfully  with  any  others. 
The  writer  hopes  the  foregoing  review  of  the  materials  in 
common  use  will  assist  in  making  a  selection.  The  specifications 
given  represent  common  practice  but  before  doing  any  street  pav- 
ing with  materials  other  than  can  be  obtained  near  home  further 
information  is  needed.  The  literature  is  extensive  and  up  to  date 
books   are   readily  obtained. 

The  cost  of  pavements  per  square  yard  are  given  by  Professor 
Baker  as  follows: 

Gravel    $0.» 

Macadam    0.75 

B'rick    1.79 

Rectangular  wood  blocks  S.OO 

Sheet  asphalt  2.7S 

Granite  block   ^-50 

The  above  were  obtained  from  larger  cities  than  this  little  book 
is  intended  for.    They  are  all  averages. 

CONCRETE. 

Ill  the  foUoH-ing  pages  will  be  found  specificalions  for  concrete 
pavcnieuls.  While  a  concrete  base  is  necessary  for  modern  p[ivc- 
ments,  a  wearing  surface  has.  always  been  deemed  necessary.  With- 
in the  past  twelve  or  fiftecen  years,  however,  a  nvimlicr  of  concrete 
I'aveineiits  have  been  put  down. 

Where  good  materials  were  used  and  care  cNcrcised  the  re- 
suhs  have  been  good.  Such  a  pavement  possesses  all  the  advan- 
tages of  a  granite  Mock  pavement  nt  :i  lower  coat,  ll  ha.s  also  an 
additional  advantage  over  a   granite  block  pavement  in  that  it  has 
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no  joints  and  is  therefore  less  noisy  and  mort  cleanly  and  healthy. 
It  can  also  be  more  readily  repaired  if  broken.  It  is  a  difficult 
street  lo  tear  up  and  all  underground  work  should  be  done  and 
the  ground  settled  before  it  is  laid. 

HASSAM   PAVEMENT. 

This  ingenious  pavement,  specifications  for  which  are  given 
at  the  end  uf  this  chapter,  is  practically  a  concreted  macadani. 

MA,INTENAXXE, 

Every  city  should  possess  a  road  machine,  crusher  and  road 
roller.  Steam  rollers  are  cheaper  and  belter  than  horse  rollers. 
The  writer  from  his  experience  prefers  "comparatively  light  rollers 
that  will  travel  rapidly.  Seven  Ions  is  about  right,  although  five 
tons  have  been  used  with  success. 

The  following  extract  from  the  1904  report  of  the  state  fire 
marshall  of  Ohio  is  interesting  in  so  far  as  it  relates  to  a  proper 
regulation  of  pipe  laying  in  streets: 

"Fires  reported  to  the  state  fire  marshal  during  1904  as  be- 
ing caused  by  gas  explosion,  gas  leaks  and  by  explosion,  number 
ninety-four,  but  many  fires  reported  as  from  unknown  causes  are 
doubtless  properly  chargeable  to  gas. 

"Gas  leakage  under  the  impervious '  pavements  of  cities  is  a 
subtle,  uncontrollable,  menace  to  property  and  to  life  as  well. 
Many  mysterious  conflagrations  presenting  inexplicable  phenomena 
are  due  to  the  presence  in  houses  of  gas  which  has  entered 
through  the  cellar  from  a  leaking  main. 

''Gas  companies  anticipate  a  loss  from  leaks  of  13  to  20  per 
cent  of  all  the  gas  they  force  into  the  mains,  it  being  cheaper 
to  hear  that  loss  than  to  open  the  streets  and  repair  the  pipes.  A 
leakage  of  187,000  cubic  feet  per  mile  per  annum  for  four-inch 
mains  is  considered  nomhial.  The  report  of  the  Massachusetts 
State  Board  of  Gas  and  Electric  Light  Commissions  showed  that 
in  1S99  the  mains  in  use  for  gas  distribution  in  that  State  averaged 
4.S1  inches  in  diameter  and  their  leakage  for  the  year  was  163,334 
cubic  feet  per  mile.  The  gas  companies  of  Massachusetts  are  re- 
quired to  report  their  'gas  unaccounted  for"  which  elsewhere  is 
considered  a  confidential  fact 
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"The  authoritative  tables  of  Fields  Analysis  of  Gas  Undertak- 
ings show  that  in  the  cities  of  England  the  gas  leakage  is  about 
SOO.OOO  cubic  feet  per  mile  of  main  per  annum. 

"In  small  towns  this  gas  escapes  harmlessly  through  thf  earth, 
except  when  the  ground  is  frozen,  but  under  the  asphalt  and 
stone  pavements  of  the  city  it  is  at  all  times  forced  along  the 
outside  of  the  main  until  it  finds  a  fill  around  a  service  pipe,  which, 
by  reason  of  its  being  more  open,  offers  a  path  of  least  resistance 
into  the  cellar  of  some  house.  If  the  ventilation  of  the  cellar  is 
not  ample  the  gas,  being  lighter  than  air,  accumulates  in  coal 
vaults  or  between  the  joists,  where  an  accidental  spark,  the  strik- 
ing of  a  match  or  the  flame  of  a  candle,  will  ignite  it  with  or  with- 
out explosion.  If  the  amount  of  the  escaping  gas  is  large  it  may 
be  found  in  layers  next  thtf  ceiling  of  every  story  of  the  house." 
SPECIFICATIONS. 

The  specifications  given  here  are  carefully  chosen  but  there 
may  be   better   ones   produced   each   year.      Before   blindly  copying 
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BRICK. 


The  following  specifications  were  adopted  for  brick  pavements 
at  the  Sixteenth  Annual  Convention  of  the  National  Brick  Makers' 
Association : 
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<M)  to  twenty-four  (14)  incbea  deep,  the  busineta  and  itrcel  traffic  gar- 
aning  the  aame,  and  lengtba  not   iborter  than  Sk    (»   feet,  except  a(  do*- 
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vre*.  NeaUr  dreaud  on  tnp  with  >  •quire  or  rounded  Outer  edse  ind  foa( 
(4)  inches  down  on  tlie  iaiidt.  The  outer  turftce  to  be  lo<ri  dreased  to  the 
depth  of  the  face  eipoMd  and  to  the  depth  of  the  Ihidmeu  of  tbc  brick 
and  sand  cuihion.  The  [niertectlon  at  nreet  comer*  and  allers  duuld  ba 
circular,  with   radina  of  four   (»)   and  three   (»    feet,   reapeetlTetr. 

(NoTK— In  thia  connectioa  the  wriler  wishes  to  call  attention  to  hU 
rema.-ka  earlier  in  thig  book,  on  having  a  Urge  ladiui  at  iaterKction*.) 

Should  always  be  of  a  hard  and  durable  character,  of  atone,  and  fma 
fourteen  f  14)  lo  eighteen  (IS)  inchea  deep,  drcsacd  on  top  lod  fiT4  (B) 
inchea  dowa  on  the  lace  next  to  the  brick. 

Set  to  accurately  St  the  curnture  of  the  erosi-seciion  of  the  atreet,  on 
six  (fl)  incbe*  of  concrete  and  backed  up  with  the  aamc  wilhin  (iz  «)  ioche* 
of    the  top. 


Should  be  of  spprored  qoalltr  of  hard  rock,  with  no  frainnent  torger 
than  will  paai  through  a  two  (!)  inch  ring  and  none  imaller  than  will  paH 
through  a  one  (1)  inch  ring  in  their  kmgeit  dimensions  free  from  all  refuse 
and    foreign   matter, 

(NoTI— It  will  be  seen  from  these  spedficallons  that  a  dense  concrete 
is  not  called  for.  The  stone  is  ranged  between  two  sixes  that  will  assure 
at  least  30  per  cent  of  voids.  In  the  following  paragraphs  it  will  be  seen 
that  only  half  enough  sand  to  fill  the  voids  is  called  for.  To  get  a  dens* 
concrete  gmaller  sizes  of  stone  should  be  pennilled.) 

Mutt   be   dean,    sharp    and   dry,    and   thoroughly   mind    in    its   dry   ttata 

hydraulic  or  Portland  cemenl.  If  of  hydraulic,  Ihe  proportion  of  mixture 
should  be  of  one  part  of  cement  and  two  parte  of  sandi  if  of  Portland 
ccoient,    one   part   of  cement  and  three  parts  of  sand. 

(NoTa—By  hydraulic  cement  is  meant  natural  cement,  for  Portland  it 
also  an  hydraulic  cement.— McC.) 

To    the    above    mixtures    aliotild   be    added    sufficient    clean    wster   10  mix 

to  a  cone  shape.  To  this  mixture  add  four  (t)  and  five  <S)  part%  respec- 
tively, of  damp  crushed  stone,  or  clean.  icrecDed  gravel,  and  turn  tlie  wbol* 

oughly  coated  with  the  cement  mixture.  For  the  reception  of  this  mixture 
the  grade  ebould  be  set  off  in  five  (S>  toot  squares,  with  a  stake  at  each 
comer.  Tops  of  each  should  l>e  at  the  surface  of  the  concrete,  which  must 
be  lamped  until  free  mortar  appears  at  the  surface.  Occasional  crinkling 
in  extreme  bot,  dry  weather  la  beneGcial.  After  thirty-six  hours  the  cKshioo 
sand   may  be  spread. 

Sand  should  be  clean  and  free  from  loamy  matter.  It  need  not  neces- 
■arily  be  sharp.  It  almuld  be  two  (3)  inches  thick  before  Ihe  conpresiion 
of   the  brick  by  rolling.     The  sand  should   be   spread   by  the  aid  of  a  tem- 
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The  brick  should  ill  be  limated  and  neill;  piled  inaidc  of  the  curb  line 
before  the  grading  ii  fintihed,  or,  if  allowed  by  the  engineer,  delivered  on 
the  itrcct  in  wagoni  and  carried  from  the  pile  or  wagon  or]  pallets  or  with 
clamp*,  and  not  wheeled  with  bu-rowa.  They  ahould  be  SiM-cla**  and  tbor- 
oughtT  Thrilled,  afaowinE  at  leaat  one  fairly  alraighC  face,  with  rounded  edge^ 
with  DO  greater  radiua  than  S-IS  of  an  inch.  They  should  not  be  lew  than 
tlixixS,  or  more  than  tiixtx»  inehea,  fr«  from  cracks,  with  but  dight 
lamination  and  at  leait  one  edge  with  but  slight  kiln   marks  illowetL 

Such  bilck  m  btoeka  ahall  be  submitted  to  »  lest  of  an  hour  in  the 
NstioQal  Brick  Hanufacturert'  Anociationg'  standard  rattler,  tati  under 
the  conditions  prescribed  by  Ibit  assocufon,  and  if  the  loss  by  abrasion 
during  such  test  exceeds  SO  per  cent  of  the  original  weight  of  the  brick 
tealed,   then  such  brick   or  blocks  shall    be   rejected. 

Brick  ahould  be  laid  perpendicular  to  the  curh.  Broken  brick  or  block 
can  only  be  used  to  break  joints  in  itsrllng  coorwa.  or  in  making  cloture*. 
The  btick  shall  be  laid  on  edge,  close  together,  in  straight  line*  acroai  [he 
rnadwsy  between  gutters.  Gutter*  shall  be  constructed  **  directed  by  the 
rnBineer.  After  the  brick  are  laid  they  shall  be  thorougbly  inspected  and 
alt  warped,  spalled  and  soft  brick  remOTed  and  replaced  by  more  perfect 
onea,  and  those  found  with  the  bad  face  up  ahould  be  turned  down. 


After   the   inapectlan   i 


then  be  rolled  with  a  five  (6)  ton  steam  roller  until  all  hrick  are  tfaoiongbfr 
bedded  and  the  whole  surface  assumes  a  pradkal  plain  contarmkig  to  tb* 
e  of  the  roadway. 

ixrAHsion  cuSUtOB. 

nust  be  provided  for,  one  inch  thickncM  MM  t» 
the  curb,  filled  two-thirds  iia  depth  with  pitch,  the  lop  third  being  filled 
with  aand  and  »  like  cuehioa  at  right  angles  witb  the  street,  U  interrala 
of  titty  feet. 

The  filler  ahall  be  composed  of  one  part  each  of  clean,  sharp  sand  and 
Portland  cement.  The  aand  should  be  dry.  The  mixture,  not  exceeding  oat- 
third  boshel  of  the  sand,  together  with  ■  like  amount  of  cement,  shall  be 
placed  In  the  box  and  mixed  dry,  until  the  masa  assume*  an  even  and  un- 
broken shade.  Then  water  ahall  be  added,  forming  a  Uqnid  mixture  of 
(be   eonsjatency   of   thin    cream. 

From  the  tine  the  water  is  applied  until  the  last  drop  ia  removed  and 
floated  into  the  jidnis  of  the  brick  pavement,  the  same  must  be  kept  la  can- 
stant  nwtloo. 
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The  minute  shall  br  rcmOTcd  froni  the  box  to  the  ircM  lurface  with 
a  jtoop  ihowl,  ali  ih«  while  bting  itirred  in  the  box  s*  the  ume  I*  be- 
ine  ihu.  emptied.  Thf  box  (or  this  purpose  shall  be  3W  to  *  feet  long.  aT 
to  SO  inches  wide  and  1<  inchei  deep,  resting  on  legs  of  different  IcDgtha. 
»n  thai  the  nditure  will  readily  float  to  the  lower  corner  of  the  box.  which 
■hould   be   from   S   to   10    inches   above    the   pavement. 

This  roinlure,  from  the  momeni  it  touchea  the  brick,  shall  be  thoroughlr. 
■wept  into  all  the  joints.  Two  such  boiea  sha'l  be  provided  in  cbk  the 
atreel  ia  twenty  feel  or  less  in  width;  exceeding  Iwent|i  feel  in  width  Ibre* 
boxea   ahould    be   used. 

The  work  of  tilling  should  be  thus  carried  forward  in  line  until  an 
advance  of  from  fifteen  to  twenty  yardt  has  been  made,  when  the  same 
force  and  appliances  shall  be  turned  back  and  cover  the  same  space  in  like 
manner,  except  that  the  mixture  fos  the  second  coating  in:^y  be  slighlly  thicker 
than  (he  Erst. 

To  avoid  a  posaibllily  of  too  great  thickening  at  any  point,  there  should 
be  a  man  with  a  large  sprinkling  can,  the  head  perforated  with  small  holes. 
splinUing  gently  the  nirface  ahead  of  the  sweepers.  This  shoald  be  done 
in    the  application  of  each  course  here  specified 

After  the  joints  are  thus  filled  flush  with  the  top  of  the  bricks  and  suR>- 

not  absorb  any  of  the  mixture,  one-half   inch  of   sand   ihsll    be   spread  over  ■ ' 
the   whole   surface,   and  in  case  the  work  is  subjected   to  a  hot  summer   sun 
an  occasional  sprinkling,  sufficient  to  dampen  the  sand,  shall  be   followed  for 
two   or    three    days. 

The  grouting  thus  finished  must  remain  absolutely  free  from  diilurbancc 


WOOD. 

Wood  paving  specifications,  Brooklyn,  N.  Y. : 

I.— The  wearing  surface  shall  be  composed  o(  longleaf,  all   heart,    yellow 
pine  blocks,  treated  as  hereinafter  described.       All  blocks  sha'l   be  of  sound 

wbicb  shall  be  detrimental  to  the  life  of  the  block  or  Interfere  with  Its  lay- 
ing.     No    second    growth   timber    «;ill   be    allowed. 

I.— The  blocks  are  to  be  treated  throughout  with  an  antiseptic  and  water- 
proof mixture,  at  least   50  per  cent  of  which  shall   be   dead   oil  of  coal   tar. 
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CHICAGO  SPECIFICATIONS. 
The  following  paving  specifications   were   in   i 
during  1905: 


Tfac  top  cdEC  nmal  be  of  full  IhickncM.  aquarc.  snd  neatly  bush-hiim- 
oifted.  The  face  must  likewJH  hi  dressed  lo  a  depth  pf  twel»e  (IB")  iochei 
itom  the  top.  The  back  side  at  Ibe  alone  niust  be  "painted"  to  a  depth  at 
at  least  two  li'j  inchea  so  aa  to  leave  the  loji  ol  the  Mone  fire  (S-)  inchM 
in  tbickneaa  throughout.  The  tnds  shall  be  dresied  imootli  and  iquare  lo 
>  depth  of  eighteen  (IS")  inchea  from  the  top,  aa  aa  to  make  cloae  joinls. 
The  bottom  of  the  atone  muil  be  atiaighl  and  paraUtl   nith  Ihe  top. 

Where  sandalone  is  uKd  the  upper  roadway  corner  thall  be  rounded  lo 
■  radius  of  one  and   one-half    dW")    inches. 

The  stones,  after  being  dressed,  shall  be  nol  less  than  liTe  (9')  Indies 
thick,  three  (3')  ieet  deep  or  four  fl')  feet  long.  In  no  eaK  shall  the 
lengths  of  the  stone  on  the  top  and  bottom  dllTer  by  more  than  one  (f)  foot. 

The  curb  stone  shaU  be  set  lo  Ihe  established  grade  in  a  continuous  line 

on    each    aide   of   the    (treet,    feel    from   and    parallel    with   the 

'center  line  thereof,  except  al  all  intersections  of  streets  and  Blleyi.  where 
the  curb  shall  bt  retnrned  to  the  street  line.  All  grades  and  lines  will  be 
given  by  the  Engineer.  The  Mones  are  to  be  firmly  ael  upon  b'ocka  of  flat 
atone  sii  (6-)  inchel  In  Ihicknew,  and  at  leaat  eight  by  twelve  fa'xU'i 
inches  in  siie.     Oolitic  Umeitone  and  Hndatone  aball  not  be  uaed  for  blacking. 

At  each  street  intersection  there  shall  be  furnished  and  set  four  14)  and 
al  each   half  intersection    two    Ci)    circular  corner   stones  cut  to   a    radius  of 

be  bush-hammered  on  top,  and  on  the  face  for  a  dislance  of  eighteen  (IK') 
inches  down.      No  eitra   charge  nill   be   allowed   for  circular  comer  Hones. 

Alt  curb  stone  now  set  on  the  street,  that  is  not  at  Ihe  proper  tine  nr 
grade,  must  be  pbced   in  proper   position. 

The  curbing  shall  be  back-filled  to  the  lop,  and  the  iiMing  at  Ihil  point 
ihall  !>e  (our  (4')  feet  wide  and  shall  have  a  slope  of  one  and  onchalf 
(1^1  horjionlst  lo  one  (1)  vertical.  The  full  quantity  of  filling  shnll  be  pui 
In  front  and  back  of  each  curb  stone  as  it  Is  act,  and  muai  be  ttiorougfaly 
rammed  with  a  proper  rammer  at  the  same  time,  so  that  ihe  curbing  will 
be  firmlv  held   in   place. 

No  lines  or  grades  will  be  given  for  Ihe  selling  of  curb  Hones  uillil 
the  same  shall   be  dreaaed  accardini;  to  apeciiicalions. 

In  making  the  combined  curb  and  gutter  Portland  cement  shall  Ik  used 
and  ordinarily  will  be  subjected  lo  Ihe  following  inspection  and  tests: 

INOTE— Tlie  writer  advises  here  the  Standard  Cement  Speeieotions, 
Chapter   X,   instead  of   those   used  in   Chicago.) 

Samples  of  cement  whicb  it  is  proposed  lo  irae  in  the  work  shall   be  sob- 
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the  mass  shall  be  added,   so  that  when  it  is  rain 

ned  in  place 

ture  shall  appear  on  top.     Ail  exposed  surfaces  > 

all  be  covere 

■ng  coal  of  morUr  three-eighths  <M')  inch  in  1h 

one-half    (l^- 

fine   granite   screenings.      Before  the  concrete    sei 

8  the   curb 

be  cat  into   sections  not  ciceeding  six   (0)    feel 

in  length. 

The  gutter  Oag  must  be  eighteen  (18-)   inch 

5  wide  and 

thick;    tbe  curb  must   be   seven    IT-)    inches   thi 

k   Ihroughou 

radius  of  0 

(I>^-)    inctics.      The    height   of   the    curb   above 
varviaa,  dimensions,   a.eraiting  not   less  than    . . . 

the   gutter   fl 

necessary  to  properly  connect  the  combined  curb  and  gutter 
basins,  and  wch  Mep*  on  tbe  gutter  flag*  al  Ibe  crotsingB  a 
may  direct. 

Tbe  curb  and  cutter  ahati  be  badi-filled  to  tbe  top,  and 
point  shall  be  four  (4')  feet  wide  and  shall  have  a  slope  of  o 
n}4i  horiionlal  to  one  (1)  rerCical.  The  full  quantity  of  fil  i 
in  front  and  back  of  escb  section  of  curb  and  gutter  aa  it  is 
be  thoroughly  rammed  with  a  proper  rammer  at  tbe  Utot  ti 
curb  and  gutter  will  be  firmly  held   in  place. 
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Wbertwr  curb  wall*  on  th*  tint  of  ihi>  iijipronment  »re  found  lo  be 
defective,  they  muat  be  torn  down  and  rebuilt  to  such  a  depth  from  the  top 
ai  the  EnBineer  may  direct.     In  Ihia  rebmTdinff  tbe  contractor  or  cDntractota 

will  be  allowed  to  u«e  all  the  old  material  prcTiouily  Iberein  conttined  wbicb 
may  he  tuilahle,  but  mutt  also  furnish  any  and  all  new  matexiala  which  may 
be  neceaury  to  bring  the  wall  la  the  line  and  grade  (iven  by  the  Engineer. 
and   finiih   it   in  a   good   and    workmanlike   manner. 

The  roadway  aide  of  the  wall  to  a  depth  of   (     '}   feet   from 

the  top  of  Ihe  maunry  ihall  be  plaatHred  at  Icaat  one-half  (K*)  inch  thick 
with  ■  mortar  compoied  of  one  (1)  part  of  approved  Portland  cement  and 
two  (S)  parti  of  clean,  coine,  aharp  sond;  the  und  and  cemenl  to  be  firat 
thoroughly  miied  dry  and  then  anlGcitnl'r  moistened  with  water  to  fom 
a'  thick  mortar.  The  monar  mual  be  uaed  immediately  after  mixing,  and  DO 
mortar   which   has  once   Kt   shall   be   used, 

the  price  hid  per  lineal  foot  of  curb  wall  repairing  and  plaaterinr  muM 
include  all  coals  of  the  removal  and  replacing  of  cap  planks,  sidewalks,  tunp 
poatL   etc.,   and  all  neceiury   earth   eicavation. 


Where  filling  is  required  it  shall  be  of  earth  or  cinder*,  free  tran  aiU- 
hlal  or  vegetable  matter,  and  shall  be  deporited  in  layers  of  not  more  than 
'two   (2'}   feet  in  thlckueas,  and  shall  be  thoroughly  compacted. 

All    necessary    filling   to    bring    the   itreet    to    mb-gnde   and   to    properly 
'back-iill  the  curb,  shall  be  deposited  on  the  street  heftirc  any  curb  is  set. 
'  ■      In  ail  cases  where  curb  is  set  the  back-filling  shall   have   a  berme  of  at 
least  four    (4')  feet  behind  the  curb,  at  the  top  thereof,  with  a  alope  of  one 
and  one-half    iWil    horiiontal  to  one    <])    Tertical. 

'aa   may    be    necessary   to    bring    the    roadway    lo    the    proper    sub-grade    after 
'  hiving  been    thoroughly    compacted 

The  earth  ahall  be  excavated  back  of  the  curb  for  a  distance  of  four 
'(«')    feet  level  therewith;   otherwise  the  contrat:tor  or  contractors  will  not  be 

'    '  'The  contractor  or  contractors  shall   remove   all    spongy   material    or  olber 
.    interior  or  vegetable  matter  that   may  be  in  the  way  of  making  this  improve- 
All   approaches  connecting  said   afreet   with  other   streets  or   alleys   inter- 
secting shall   also   be   cut  and   filled   so  that  the   lame   shall   have   a    slope   of 
not  leas  than  one   fl'l    foot  in  twenty   (M')    feet,  and  shall  be  secured   from 

'  The  roadway  shall  be  brought  to  sub-grade  hy  catting  or  filling  as  may 
be  necessary;  said  sub-grade  shall  be  eleven  (II')  inches  below  and  parallel 
'  with  the  top  of  tbe  finished  pavement  after  having  been  thoroughly  compacted 
and  secured  from  furtbcT  setl'ement  by  flooding,  ramming,  or  rolling,  or  all, 
as  may   be  deemed  necessary  by   the    Engineer. 

The  contractor  or  contractors  will  bid  with  Iht  sxprest  underiUnding  thst 
be  or  they   must  me   all  necesaary  precaution  In  preparing  the  nib-grade   to 
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mtmly.  and  »  Ihjt  t 
Tide  for  ■  perod  of  ttn   (10)    ytu*.     Thii  cUoM  irtll 
junt  of  mj  trtnchM  or  faolct  made  In  the  »ir*«t  prior 
paTcment  by  any  corporatioa   or   private  p^rty. 
r  cnttiag  or  Glling  musl  Include  all  cait  of  bringing  th« 
er  patitkm  and  compacting  and  aecurinB  the  tamt  fmrn 

(To  the  above  point  the  spedtjcationi  are  the  same  for  all 
pavements.) 

MACADAM.  ' 


Od  the  tub-grade  a*  formed  and  compacted,  ihall  be  qireBd  ■  layer  o( 
crualied  timeatoae  broken  »  a*  ta  meaaure  not  more  than  four  {«')  inchei 
and  not  leaa  than  two  and  one-halj  (!»')  inches  in  any  dimenaion.  Tbia 
layer  ahal!  be  covered  vith  limeitone  icreenlngi,  in  luch  quantity  aa  to  com- 

ro'ler  unlil  Ihoroughly  compacted,     Thia  layer  ahall  not  be  leaa  than 

(     -)   inchea  fn  depib  ai  the  center  and  not  leaa  than   (     •)   incbta 

in   depth  at   the  aides. 

The  above  aball  be  covered  with  a  layer  of  mtditim  Ihneatone  brokca  w 

than  one  and  one-half   (1)^')   incbei  in   any  dimenaion.     Thia  layer  ahall  be 

interilicea.  then  flooded  and  rolled  with  a  ten  (10)  ton  (team  roller  antU 
thoraugbly  compacted  and  broDght  to  a  true  and  uniform  ailrface.  Tbii  layer 
■hall  be  not  tesa  than  four  «')  incheg  in  depth  at  the  center  and  not  leaa 
than  two  (!')  inches  in  deplh  al  the  aidea. 


-half  (IMT  inchea  in  any  dimenaion.  Thia  courie  shall  be  covered  with 
bonding  gravel  of  such  quality  at  may  be  approved  by  the  Board  of  Local 
ImprDvemeata.  and  in  luch  qiuality  «B  la  completely  (ill  all  iatertticea,  tbea 
thoroughly  flooded  and  rolled  with  a  ten  (10)  ton  aleam  roller.  On  IhU 
layer  ihall  be  apread  one-half  (!<i')  inch  of  granite  screeningi  which  (hall 
tw  rolled  into  aaid  layer.  The  above  layer  ahall  not  be  leas  than  four  (1*) 
inches  in  depth  at  the  center  and  not  leaa  than  two  (g')  inches  In  depth  at 
the  sides,  after  having  been  brought  to  a  tiue,  uniform  and  iinyieldiiig  surface 

Each  courae  above  specified  shall  be  built  continaoualy  and  the  atona 
for  the  same  shall  be  apread  imnrediately   on  being  dumped. 

In  no  caae  shall  depressions  be  brought    up  with   acieenings. 

The  surface  of  the  pavement  ahall  be  built  to  conform  to  the  linM  »afi 
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In  tbc  macadam  paTcment  u  aborc  dcieribcd  crmawalfca  aix  (II')  fact 
In  width,  atrndini  from  curb  liac  to  cnrb  line,  thall  be  buill  of  vitrified 
afaale  paving  brick;  there  ihall  be  four  (4)  croatwalka  >t  each  Bred  inter- 
aKtion.  two  (1)  at  each  half  ialErsKtioa  and  one  (1)  acraa*  each  ioteraectinf 
ality  wing. 

The  brick  ahalt  be  true  and  uniform.  Eve  (E-)  Inchei  in  depth,  from  three 
to  four  (8*  to  4")  inchea  in  width  and  from  nine  to  twelve  (V  to  If)  incbea 
in  length.  Thej  ahall  be  Uid  do  a  bed  of  one  (1*)  inch  of  aand,  lo  a«  to 
break  joints  and  in  parallel  couraea.  The  apacea  between  Ibe  enda  and  sidca 
of  the  brick  muat  not  exceed  one-eighlh  (H')  inch,  and  ahall  be  filled  wilb 
clean,  aharp  aand,  and  the  brick  rammed  to  a  true  and  uniform  aurfacc.     No 

Where  ordered  bj  the  Engineer  a  header  conpoaed  of  aaodatone  curbiniE 
four  <4*)  infhea  thick  by  tweniy-four  (S4*)  inchea  in  depth,  and  of  the  re- 
quired length,  aball  be  aet  al  the  enda  of  the  croaiwalka  in  auch  poaition  aa 

The  croaawalkih  guiteri  and  their  appnrtenancea  ahall  be  formed  and 
conitrDcled  where  and  a*  directed  by  the  Engineer,  and  without  extra  coat 
over  and  above  the  price  paid  per  iquare  yard  for  the  pavement 

(If  some  Other  material  is  to  be  used  instead  of  macadam  omit 
all  under  the  headings,  Crushed  Stone,  Macadam,  and  Crosswalks, 
and  substitute  the  following  specifications  for  concrete  founda- 
tions, etc.:) 

CONCRETE    FOUNDATION. 

On  the  anb-grade  aa  above  prepared  aball  be  laid  1  foundalion  of  Port- 
land cement  concrete  la  a  unirarm  thickneaa  of  aix   (e')    inchea. 

<Not» — Previoualy   given.) 

The  tand  uacd  in  making  the  concrete  ahall  be  clean,  dry,  free  from  dnat,- 
loam  and  dirt,  of  aiiea  ranging  from  one  eighth  CH*>  inch  down  to  the  finest, 
and  in  auch  proportion  that  tbe  volda  aa  determined  by  aaturation  shall  not 
exceed  thirty-three  (SS)  per  cent  of  the  entire  volnme,  and  ii  ahall  weiih 
not  leaa  than  one   hundred    flOO)    poundi  per   cubic    toot. 

No  wind-drifted   aand   ahall   be   uaed. 

kept  clean   until   used. 

The    cruahed    atone    uaed   in    making    the    concrete    ahall   be   of   the    best 
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The  cenuDt,  Mud  and  Mone  sluU  be  mixed  in  the  follovinf  proportionc 
One  CI)  PTI  of  cenieni,  three  (S)  pana  of  nnd  md  Kvcn  (T)  parts  of 
enitlied  alone.  The  sand  ud  cement  ahall  be  tbarou^hlr  mixed  dry,  to  which 
•uffifdenl  water  afaall  be  added  aod  then  nude  lota  ■  itiS  mortar.  The 
emthed  Monr  thai]   then  be  immediately  incorporated  in  the  mortar  and  tbe 

progresses,   until   each  particle  of  stone   !i  covered  with  mortar. 

The  concrete  iball  he  removed  from  the  platform  with  shoreli  and  depoa. 
ilcd  in  a  layer  on  the  roadway  in  such  quantttie*  that  after  beins  rammed 
■a  place  it  shall  be  of  tbe  required  thiclcneas  and  the  upper  surface  shall  be 

true  and  snuioth  and   (     '>   inches  below  and  parallel   with  the 

top  of  tbe  fioiabed  pavement. 

During  the  progress  of  the  work  the  aub-grade  mutt  be  kept  moiti. 

The  concrete  shall  be  iprinkled  lo  u  to  prevent  checking  in  hot 
weather,  and  shall  be  protected  from  injury  it  all  times,  and  shall  lay 
at  least  seven  days  before  being  covered  with  the  weiring  lurfacc,  or  a  longer 

(The  foregoing  specifications  for  sub-base  and  foundation  apply 
far  atl  classes  of  wearing  surface.  From  this  point  they  are  as 
follows  for  the  different  materials:) 


The  atphaltic '  cement  hereinafter  specified  shall  be  made  of  refined 
Trinidad  Lake  Aaphalt.  obtained  from  the  idand  of  Trinidul,  or  of  an 
asphalt  of  equal  quality  for  paving  putpoies,  and  heavy  petroleimi  oil.  Tbe 
oil  shall  be  mixed  with  the  asphatl  in  such  proponiona  at  are  suitable  lo 
tlic  character  of  the  asphalt  used. 

Upon  Ibe  concrete  foundation  as  above  specified,  ahall  be  laid  a  "hinder' 
course,  composed  of  clean  broken  limeitone  of  a  size  known  as  "small  con- 
crete," Ind  asphaltic  cement.  The  stone  shall  be  heated  and  thoroughly 
mixed    with    Bsphaltic    cement    in    the   proportion    of    fifteen    (IS)    gallona   of 

ucd  until  each  panicle  of  stone  is  thoroughly  coated  with  the  aaphallic  cement 
The  binder  shall  be  spread  on  ihe  bate  above  described,  and.  while  in  a 
hot  and  plastic  conditioii,  shall  be  rolled  with  ■  five  <S)  ton  steam  roller 
ondl  it  bis  ■  uniform  thickness  of  one  lod  one-balf  (1^'>  inches.  The 
upper  sarface  shall  be  parallel  with  and  two  (!')  inche*  below  tbe  final  sur- 
face of  llie  pavement. 

or    has  become    chilled   shall    be    removed 


I  wearing  surface,  which  shall 
I  (IT)  parts,  nod  Kventy-tbree 
ime    ten    (10)    pans.      The    sand 
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hundred  (S(M°)  dcgmf  Fabrailidt.  The  pulvniitd  carbonate  of  lime  ihall 
be  iBuud  with  the  aaod,  and  tbeie  iairedienli  then  mixed  wilh  the  a^ihallic 
emient  at  (he  above  lempcratUre.  In  an  apparatiu  whicb  (hall  effect  a  perfect 

The  mixture  M  a  Icvperaiure  of  not  lets  than  Iwa  bimdred  and  tiitj 
(2B0°)  degree!  Fshreitheit  sball  then  be  carefully  iprEad  by  meani  of  hot 
iron   rakea  in  such  a  manner   aa   to  give  a  uniform  and   regular   grade,   and 

rollerft  after  which  a  imal]  amount  of  hydraulic  cement  shall  be  awept  over 
it,  and  it  ahall  then  he  thoroughly  compreaied  by  a  fifteen  (lfi>  ton  Keaia 
roller:  the  rolling  being  continued  aa  long  ■■  it  makea  an  Inpreadon   on  the 

Where  neceaaary  to  make  the  gutter*  ioipervioui  lo  water,  ■  width  of 
twelve  <12')  inihea  neii  lo  the  curb  ahall  be  coattd  with  hoi  pure  asphalt. 
and  smoothed  with  hot  smoothing  irons  in  order  lo  saturate  the  pavement 
with  exceaa  of  asphalt. 

WOOD. 


Upon  the  sand  cushion  as  above  specified  sha!I  be  placed  blocks  of 
aouthern  long  leaf  yellow  pine.  The  blocks  shall  be  four  («')  inches  in  depth 
and  four  (4~)  inches  in  width,  and  shall  not  be  less  than  Ave  fS')  inches 
nor  more  than  ten  <]0'>  inches  In  length,  with  (he  fiber  of  the  wood  rnnnlng 
in  the  direction  of  the  depth.  The  blocks  ahall  he  made  of  sound  timber 
and  shall  be  square-edged,  free  from  bark,  shakes,  loose  or  rotten  knots, 
red  heart  or  dead  timber,  and  other  defects  which  will  interfere  with  the 
proper  laying  of  the  same.      No  second  growth   timber  will  be  accepted. 

After  the  blocks  have  been  inspected  and  found  satisfactory,  Ihty  shall 
be  placed  in  an  air-tight  chamber  where,  by  means  of  superheated  steam  and 
the  use  of  the  vacuum  pump  the  aap  in  the  blocks  shall  he  vaporized  and  the 
c  blocks  are  thoroughly   dry   the  wood 

mill  twelve  (12)  pounds  of  the  oil  shall  have 
been  forced  into  each  cubic  foot  of  timber  and  until  the  oil  shall  have 
impregnated  the  limber  through  the  entire  depth  of  the  block  and  to  tha 
•atisfaction  of  the  Board  of  Local  Improvements.  The  wood.pre serving  oil 
shall  be  Kreodone-Creosote  paving  oil,  or  any  creusote  paving  oil  which  ahall 
in  the  opinion  of  the  Board  of  Local  Improvements  be  equal  thereto  In  qoility 
for  this  purpose. 

The  blocks  abalJ  be  laid  in  parallel  courses  across  the  roadway  at  an 
angle  of  46°   with  the  center  line  thereof,  eicept  on   alley  wings  where  they 
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■lull  be  laid  perpendiculBT  to  the  cinler  line  thereof.  The  courK*  ihkll 
break  jointi  alternately.  The  blocUa  muit  be  driven  tightly  lojcther.  Unlen 
otherwii*  provided  gutterj  ihall  be  formed  by  •ettini  four  coursei  of  blocln 
adjacent  to  the  curbs  and  ¥>»"''  thereio.  Spacea  for  eipamjoa  (hall  be  eaa> 
■trocted  aa  folloivs;  The  joints  running  parallel  with  and  ai  the  gutter* 
shall  be  one  (I')  inch  in  width,  and  at  inlervali  of  one  hundred  <1IM-)  feet 
■long  the  roadway  the  joint  running  across  the  sane  shall  be  one-half 
CA')   inch  in  width.      Then  expansion  joints  ihall   be  filled   with  bituniinaul 

The  blocka  Iha:!  be  firmly  bidded  in  the  cushion  of  sand  and  th(  surface 
of  pavement  brotfghl  to  a  uniform  contour  in  accordance  with  the  profile 
of  the  Engineer  by  rolling  them  with  a  five   (S)  ton  asphalt  roller. 

The  joints  shall  be  filled  with  bituminous  cement  or  pitch  which  will 
resist  the  solvent  action  of  the  wood-preserving  oil.  and  which  will  not  be 
brittle  at  0°  F.,  nor  flow  at  !00°  F.  The  cement  shall  be  applied  at  a  tem- 
perature of  not  le»  than  sno"  F.,  or  at  ■  higher  temperature  if  neceiaary 
tf> . tender  it  fiuld  enough  to  properly  run  into  and  Ul  the  jointa.  The  blocks 
must  he  thoroughly  dry  before  the  cement  i>  applied.  Extra  care  must  be 
taken  and  .extra  material  must  be  nsed  at  Ibe  gulteti  and  around  catch, 
basins,  manholes,  etc.,  in  filling  all  joints  in  both  the  paving  and  aorig 
the  curbing  to  effectuaUy  prevent  the  leakage  of  water  into  the  sub-roadwa}'. 

The  contractor  or  contractora  shall   provide  the  Board  of  Local   Improve- 

b'cket  must  be  signed  by  the  consignor  of  the  cement,  and  be  of  I  form 
approved  by  the   Bo^rd  of    Local   Irapravemenls. 

Immediately   after   Ihe   srici.'.in:;    of   the   pnving   cement,    and   while   it   is 

twenty-five  (KB')   feet  of  the  face  of  Ihe  blocking. 

.  If  (he  blocks  that  have  been  laid  sbou'd  become  wet  before  being 
cemented  or  top-dressed,  they  must  be  taken  up  and  reset,  without  compen> 
■ation  therefor,  should  Ihe  Engineer  so  direct. 

On  streets  having  curbwalls  the  space  between  Ihe  walls  and  the  blocki 
shall  be  filled  wilh  a  mortar  composed  of  one  (1)  part  Portland  cement  and 
three   (3)   parts  of  clean,   coarse,    sharp   sand. 

At  tbe  end  of  each  interseclinn  sired  and  alley  wing  there  shall  be  placed 

to  the  crown  of  the  pavement.  The  "Header"  shall  be  constructed  of  three 
by  twelve  (3'xl!C)  inch  oak  plank,  properly  supported  by  six  (fi")  Inch  split 
cedar  f«sts.  three  (S'l  feet  in  length,  firmly  set  in  the  ground  and  spaced  not 
more  than  five  It')  feet  apart. 

AH    "Headers"    shall    be    constructed    by    Ihe    contractor    or    contraclars 


Unless  otherwiae  directed  by  the   Engineer   there  shall  be   formed  In  tbe 
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t  four  (1)  cronwalki  M  cub  street  inlcnection,  ttanc  (S)  at  cvh 
half  inlcrKccioB  «id  one  <1)  nor  the  middle  of  eacb  long  block.  A  itmcr 
nine  (V)  incha  in  Ihc  clear  width  iball  be  coniiructed  at  ibe  endi  of  the 
croMw«lk«  bj  KltiDg  undMone  curbing  in  the  roadway  nine  (»')  incbes 
from  and  parallel  witb  Ibe  curb  line.  The  aandiCone  curbing  muit  Be  fonr 
(4*)  incbea  thick  and  twenty-four  (2t')  inchii  deep,  and  the  length  of  the 
curbiai  shall  be  within  three  (!')  feet  of  the  vidlh  of  the  ibnttiBE  aidewBlh 
■pace;   provided,   bowerer,  that  the  miaitBuM  lenflh  of  aaid  coiUni  shall   be 

The  craHwalk*.  guttcra  and  their  appnrtenaruea  ahall  be  farmed  lad 
cooitructed  where  and  a«  directed  by  the  Engineer,  and  wHbont  extra  eoat 
OTer  and  above  (he  price  paid  per  square  jrsrd  for  the  | 

BRICK. 


Upon    the  con 

crete   founda 

e,  when  com 

tion    shall 
pacled,  a 

he   sprc^a 
niform  t 

d   a   layer 
.kness  of 

of  *and   is  each 
one  <1-)  itieh. 

On   lutfadng 

»id   layer  o 

ractot*  ahall   tOK 

«.ch  guide,  ma  U 

mplet*  u  tfa 

e  Enginee 

r  may  di 

«'■ 

Upon  the  layi 

r   of  sand  aa  above  specified   a 

hall   be  placed  (be  brick  of 

auch   quality   and 

o   .Uch  man 

ner  as  he 

einaflcr 

peuhed. 

The   brick    to 

be    u«:d    sh 

All  TV     Of 

the    best 

quality   o 

vitrified    pavfog 

brick.     Salt  glaied 

bricks  will 

o.  be  rcn 

ivcd. 

The    dimenaiot 

s    of    the    t 

rick    used 

shall    be 

entire  woili  in  any 

particular  g 

1  less  than 

eight  (8)  inch*. 

in  length,   four   « 

)    inches   in 

dtpth,   an 

d   two   an 

d    one.half 

<EM)    inches  In 

thickneu.  with  rou 

ndcd  edges 

o  a  radiu 

of  oneq 

oarter  (Ji 

of  an  inch. 

Said  brick  aha 

be  of  a  kind  known 

d  vitrified 

paving  brick  sad 

to   the    cxt< 

■nl    that 

he   maximum    amouc 

t    of   material    U 

forced  into  them. 

They   shall 

be   free 

rom  lime 

and  other 

Impnrltiea,    shall 

be  as  nearly  unif 

burned   so  aa  to 

secure  the   maxim 

m   hardness 

so  annealed   as  to 

reach  th 

ultimate  degree 

of  toughn»>  and 

irified  so 

as  to  ma 

e  a  homog 

eneous  mass. 

The   brick,   sh 

all  be   free 

rom    all 

amination 

caused   by   the  process  of 

re    cracks 

than   superficial 

character  or  cMen 

Any   lirm,   per 

son  or  corporation  bidding  for 

the  work 

to  be  done  ahall 

futoiah  specimen  bHck,  which 

hall  be  SI 

bmitted  1 

o  a  "water 

and  if  loch  brick  show  a  water  absorption  exceeding  three  (S)  per  e«nt  of 
their  weight  when  dry.  the  bid  of  the  person,  firm  or  corporation  M>  fumishlag 
the  same  shall  be  rejected.  Su^h  "water  absorption"  teat  shall  be  made  hj 
the  Board  of  Local  Improvemcnis  of  the  City  of  Chicago  in  the  followins 
manner,  lowit:  Not  less  than  three  (S)  bricks  shall  be  broken  acivsV  thot- 
ODgbly  dried,  and  then  immersed  in  water  for  seventy-two   (TS)    boor*.     Tbe 
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a^^l^^ptiotl  trail  then  be  drtfrmincd  by  the  diffirence  between  tjie  W«kbt  irj 

and  the  weigbl  at  ifae  expiration  of  said  stvcniy-two   (73)  kours. 

Twenty   or  more  specimen  hrictis  ahi'L  alH  be   furnished   b;   each  bidder 

Such  teat  shall  he  made  in  the  foUowini  manner,  to-wit:  Such  tfieciiiKn 
brick,  or  a  sufficient  number  to  fill  fifteen  (It)  per  cent  of  Ihe  Tolume  ot 
the  rankr  shall  be  lubmitled  to  a  tcit  for  one  hour  in  the  machine  known 
u  the  "R:ittler.-  which  ahsll  mcaiure  Iwenly  (20)  inches  In  length  and 
twenty-eight  (!8)  inches  in  diameter.  Iniide  meaaumnent,  and  shall  be 
revolved  at  [he  rale  of  thirty  (SO)  revoiutions  per  minute.  If  the  lost  of 
iveig^ht  y>f  abrasion  during  such  lest  ahall  exceed  twenty  (20)  per  cent  of  the 
original  weight  of  Ihe  brick  tested,  then   such  hid  sba)l  be   rejecled. 

All  brkit  tbaJt  hiTC  s  ipeclfic  gravity  of  not  less  than  two  and  one-tenth 
W 

<a.lO)    as  determined   by   the    formula — Speci5c   gravity   equals  ■ —    whers 

WW- 
W   equal!  weight   of   brick   dry.   W    equali  weight   of  brick   after  being   in>- 
meracd  in  jeater  for  acTcnty-twa  (71)    hours,  and  W  equals  weight  of  brick 


by  the  bidden  to  the  Board  of  Local  Improvements  for  lest. 

All  brick  shall  be  deliTCred  on  Ihe  work  in  barrows,  and  In  Da  c*M 
will  leama  be  allowed  on  the  street  before  the  wearing  surface  is  rolled. 

Broken  bricks  can  only  be  used  lo  break  joint*  in  starting  courses  and  in 

The  bricks  shall  be  laid  on  edge,  close  together,  in  straight  lines  across 
the  roadway,  between  gutters,  and  at  right  angles  to  the  curbs  and  perpen- 
dicnlor  to  Ibe  grade  of  the  street.  Gutters  shall  be  coostruiied  oi  directed  by 
the   Engineer. 

The  joints  shall  be  broken  by  a  lap  of  not  lest  tban  three  (S*)  inches. 

On  inlctsectiona  and  junctions  of  laleral  ctreets  Ihe  bricks  shall  be  laid 
a)  an  angle  of  forty-fiTe  Uo")  degrees  with  the  line  of  the  itreet  unless 
otherwise  ordered   by   the    Engineer. 

The  bricks  when  set  shall  be  rolled  with  *  roller  weighing  no-  less  than 
live  (B)  ions  until  the  bricks  are  well  settled  and  made  ftim.  Or.  if  the  En- 
gineer shall  direct,  the  bricks,  when  set,  shall  be  thoroagUy  rammed  two  or 
more  limes.  The  ramming  lo  be  done  under  a  flaller,  with  a  paving  ram- 
mer weighing  not  leu  than  thirty  (30)  pounds,  the  iron  of  the  rammer  face 
in   nu  case  10  come  in  contact  with  the  pavement. 

After  rolling  and  ramming,  all  broken  brick  found  In  Ihe  pavement  must 


When  the  brick  are  thoroughly  bedded,  Ihe  surface  of  Ihe  pavement  must 
be  true   for    grade    and   crown.      The   surface   of   the   pavement  shall   then   ba 

filled   with   a   paving    pilch    which    is   the   direct   result   of  the    distillation    of 
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"Mr4ight  ran"  cd>]  tir,  and  ot  iBcb  qiulily  mi  c 

proved  by   tfae   Board  of  Local   ImpravRnenti.     The  pitch  muit  be  utcd  at   a 

tenpenluic  of  not  leu  than  tSO  degreea   Fahrenheit. 

When  the  hrick  are  thoroughly  bedded,  the  antface  o<  the  pavement  muai 
be  trae  for  grade  and  erown.  The  aufface  ot  tbe  pavement  aluill  Iheo  be 
•wept  clean,  and  the  loinl*  or  tptctt  between  the  bricka  shall  be  filled  with 
a  cement  groul  filter  compoacd  ef  limestone  M  per  cent,   furnace  >lsg  IS  per 

rilla  in  tbe  proportion  itatcd  ahall  be  mixed  together  and  ground  into  an 
impalpable  powder,  and  then  burned  in  kllni  unltil  reduced  to  clinker,  after 
which  it  ahall  again  be  gronnd  into  an  impalpable  powder.  Equal  portions 
of  said  grout  and  clean,  sharp  sand  shall  then  be  thoroughly  mixed.  an<f  auffi- 


After  the  ipacea  between  the  brick  have  been  filled  with  the  pitch  or 
'out  aa  above  specified,  tbe  surface  of  the  pavement  sball  then  receive  ■ 
ic-half  m')  inch  dreuing  of  sand  evenly  spread  over  the  whole  surface. 

Where  cement  grout  la  used  a<  a  filler  the  pavement  must  be  kept  clear 
:  traffic  for  a  period  of  (our  {4)  days— or  as  much  longer  as  the  Engineer 
aji   direct— after  ilie  applic«tion  thereof. 


e  end  o 

eacfa  intersecting  street  and  alley  wing  there  abtit  be  placed 

nding  from  curb  lo  curb,   and  ao  dressed  as  to  conform  to 

of  the 

'xli-) 

nrh    oak   plank,   properly    supported    by   six    {«-)    inch   vUt 

(>')    feet  in    length,   firmly  set  in   the  ground  and  spaced 

than  fi 

e   (6')   feet  apart. 

Headers 

■  shall  be  constructed  by  the  contractor  or  cODtnctors  with. 

charge. 

Unless  otberwiu  directed  by  the  Engineer  there  shall  be  formed  in  the 
pavement  four  (i)  crosswalks  at  each  street  intersection,  three  <S)  at  each 
half  inlerKGllon  and  one  (1)  near  tbe  middle  of  each  long  block.  A  gutur 
nine  (6*)  inches  In  the  clear  width  ahall  be  construt:tcd  al  the  ends  of  the 
crosswalks  b;  selling  sandstone  curbing  in  the  roadway  nine  (»')  inches  from 
and  parallel  with  the  curb  line.  The  sandstone  curbing  must  be  four  W) 
Inches  thick  and  twenty.four  (£!')  inches  deep,  and  the  length  of  the  curb 
ing  shall  be  within  two  <«)  feet  of  the  width  of  the  abutting  sidewalk  (pace; 
provided,  however,  that  the  minimum  length  of  laid  curbing  shall  be  sii 
(«')   feet. 

The  crosswalks,  gutter*  and  their  appurtenances  shall  be  famed  and 
ronslructed  where  and  as  directed  by  the  Engineer.  #nd  without  extra  coit 
over  and  above  the  price  paid  per  square  yard  for  the  pavement. 
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GRANITE  BLOCKS. 


•■nd  in    nicli 

quanlitj    ■■    to    iiuure,    when    compacted,    a   imiform    thickneu 

of  two    (a-) 

inch.*. 

On   (urCacioa:  taid  layer  of  »and   the  contractor  or  contrat 

tor.  ih.!)  u*a 

«ch  guide,  uid  templet,  a.  the  Engineer  Buj  direct. 

auRin    ILOCE. 

Upon  (he  nnd  cushion  lh*1l  b«  kI  .yenile  or  granite  pavii 

ng  bloclM  hav- 

.lification,    and 

faces,  H  thai  wfaea  the  bloclia  are  in  place  Ihe  joint,  at  the  end.  and  tide. 
■hall   average  one-fourth    (^'1    inch    in   width.      Soft  or   weatherworn   Btonn 

under  traffic,   .ball  not  be  used. 

The  tdocks  .hall  be  laid  in  uniform  eoursei  across  Ihe  roidwir  beiween 
the  guttera  (except  at  Ihe  inlersections  of  the  atreels  where  Ihey  shall  h« 
laid  at   an   angle  of    forty-live    (15°)    degree,  with   the   center    line  thereof) 

than  cnceigbth  (H')  inch  nor  mote  than  Ihree-eightha  iH')  Inch.  Each 
courK  .ball  consiit  of  blocks  of  the  same  width,  and  be  M  laid  that  alt 
longitudinal  joinla  shall  be  broken  by  a  lap  of  at  leaat  three  (3')  Incbea. 
The  guttera  shaU  be   formed  aa  directed  by  the   Engineer. 

filled  to  within  two  (i")  inche.  of  the 
ee  from  loam  and  dirt,  and  the  blocks 
rammed  lo  a  true  aurface  and  firm  bed  with  a  aeventy-Gve  (TB)  pound  ram- 
mer of  approve  shape.     No  cracked  or  chipped  block*  shall  tensin  in  the 

After  ramming,  the  spaces  between  the  block,  are  to  be  completely  Ailed 
with  a  paving  pitch  which  ia  the  direct  result  of  the  distillation  of  "straight 
Ton"  coal  tar,  and  of  auch  qUalllr  and  consistency  aa  shall  be  approved  by 
the  Board  of  Local  Improvement..  The  pitch  must  be  used  at  a  temperature 
of  not  less  than  280  degrees  Fabrcntieit  and  be  spread  in  such  quantity  lO 
11  to  apply  two  (2)  gallona  to  each  square  yard  of  pavement.  The  spread- 
ing must  be  done  in  Kctions  if  Ihe  Engineer  so  directs. 

The  contractor  or  contractors  aball  provide  Ihe  Engineer,  or.  his  repre- 
Hntatite,  with  a  duplicate  delivery  ticliet  for  each  and  every  load  or  t.nk 
of  paving  pitch  delivered  on  the  work.  Ttiis  ticket  must  be  signed  by  the 
consignor  of  the  pitch,  and  be  of  >  form  approved  by  tbe   Board   of  Local 

Immediately  after  the  spreading  of  the  paving  pitch,  and  wliile  it  i. 
•till  hot,  the  blocks  .hall  be  covered  to  a  depth  of  not  less  than  three- 
quarters  {Yt'l  inch  with  dry  roofing  gravel.  This  gravel  most  be  entirely 
free  from  sand  or  loam,   and  not  to  exceed  one-half   (»->  inch  in  (tie.     AU 
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gravel    must    b«    clesn,    wiihed,    driid    and    heated    enouEh    to    ptevenl    tli« 

The  urting  and  top  dreising  mutt  be  cDispleted  each  day  to  wiihin  five 
W)   feet  of  the  f>«e  of  the  blocking. 

At  tbc  end  of  each  intenecting  sirMt  and  aller  wing  then  ihill  be 
placed  a  "Header."  extending  fiom  curb  to  curb,  and  ao  dressed  as  to  con- 
form to  the  crown  o£  the  pawment.  The  "Header"  shall  be  constructed  of 
three  by  twelve  (!-jtl2")  inch  oak  plank,  properly  supported  by  six  («')  inch 
split    cedar   poata,    three    (3')    feet    in    length,    fiimly    set    in   the   ground   and 

All    "Headers"    shall    be    constructed    by    the    t 


Unless  otherwise  directed  by  the  Engineer  there  ahall  be  formed  in  the 
pavement  four  (t)  crosswalks  at  each  street  inlerseclion,  three  (3)  at  each 
half  intersection  and  one  (1)  across  each  snd  every  alley  wing  and  one  <1) 
at  the  middle  of  each  long  block.  The  crosswalks  shall  codssI  o{  three  <3) 
TOWS  of  granite  flagstones  spaced  eighteen  (IS*)  inches  apart.  The  flagstones 
(hall  be  of  the  best  quality,  of  granite,  free  from  sand  pockets,  drill  hole*, 
seams,  or  other  defects,  eighteen  (18*)  inches  wide,  five  (6*)  inehea  in 
Ibicknen,  and  not   lesa  tlian  three    (3')    feet  in  length,   except  where   aborter 


mly  bedded  in  sand  and  well  nmmed  to  *  nniform 

.  A  gutter  nine  (»0  inehea  in  the  clear  width  shall  be  constructed  at  the 
ends  of  the  crosswalks  by  setting  granite  curbing  in  the  roadway  nine  (B') 
inches  from  and  parallel  with  the  curb  line.  The  granite  curbing  must  be 
four  (f)  inches  thick  and  twenty  {20-)  inehea  deep,  snd  the  length  of  the 
cnrblng  shall  be  within  two  W)  feet  of  the  width  of  the  abuttmg  aldewalk 
apace;  provided,  however,  that  the  minimum  length  of  said  curbing  shstl  be 
six    (fl')    feet 

The  croaswalka,  gutters  and  their  appurtenances  ahall  be  formed  and 
constructed  where  and  as  directed  by  the  Engineer,  and  withont  extra  cost 
over  and  above  the  price  paid  per  square  yard  for  the  pavement. 

MISCELLANEOUS. 

Contractors  bidding  under  these  speciflcations  wilt  he  required  to  deposit, 

for   the    work    ondet   these   specifications,    the    contractor    or   contractors    wilt 

(1)  The  sum  of  three  ($3.00}  dollars  for  adjusting— and  birilding  (if 
necessary)   of  two    (2)    lineal   feet   rise  of  additional  brici 

(S)     Ten  (flO.OO)   dollars  for  the  adjuating^-and  building  <if 
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of  two  (a)  liiHal  f«t  In  rise  of  Bddilional  brick  maKiiiry— of  Hcfa  >Dd  ever]' 
utcb  bisin   on   the   line   of  Ihii   improvfmcnl. 

(3>  Thiny-liTe  (fas.OO)  dollars  fur  the  building,  complete,  of  eub  new 
City  of   Cbicago   standard  ^»Ub  basin   whicb   may  be  requited. 

(4)  Seven  (fT.OO)  dollars  for  the  fumiihini  and  setting  of  each  City 
of  Chicago  aiandatd  caMiron  catch  basin  or  manhole  cover  which  may 
be  lequiied. 

(5)  Fifty  (DO)  cents  per  lineal  foot  of  City  of  Cbicaso  standard  nine 
<8)   inch  tile  pipei  and 

<S)  Two  112.00)  dollars  for  each  lineal  foot  in  rise  of  brick  maionry 
required  on  manholes  or  catch  basins  beyond  the  first  two  <t'}  feel  shove 
mentioned. 

In  consideration  of  such  depoait  the  contractor  or  contractors  will 
receive  a  voacber  in  the  amooni  of  nhatever  part  of  such  deposit  may  have 

of  depont  win  be  returned  to  Ihe  contractor  or  contractoia 

In  the  prosecution  of  the  work  under  these  specifications  eight  (8)  hour* 
■hall  constitute  a  dsy's  labor,  and  any  contrsclor  or  conlractori  who  shall 
compel    or   allow   laborers  or    employes   lo    work   more   than    eight    (S)    hours 

:d  Code  of  the  City  of  Chicago.  Provided,  however, 
y  Ihe  contractor  or  contractors  may,  by  and  with 
:   Board  of  Local   Improvements,  allow  laborers  and 


All    work   shall   be  c 


ordered  in  writing  by  the  said  Board  of  Local  Improvements,  said  writing 
Id  be  atUched  10  Ihe  contract  for  the  making  of  said  improvement  and 
staling  that  such  work  Is  not  included  in  Ihe  contract,  what  the  ulras  are, 
and  that  such  are  necessary  for  the  proper  compleiion  Of  ibe  work,  or  for 
the  aecnrity  of  Ihe  work  previously  done,  and  the  reason  therefor;   provided, 

this  contract  wilbOHt  the  authority  of  (he   Board  of  Local   Improvemenli. 

All    fees    for   any    patented    invention,    article    or    arrangement    or    other 
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embraced  In  the  contnct  and  thcM  apedScctiang,  ihall  be  mcliidi:d  in  (he 
price  Wlpnlited  in  the  contract  for  aaid  work,  and  the  rontracior  or  con- 
tnctora  muU  protect  and  hold  barmteu  the  City  of  Chiogo  agaioM  any 
and  all  deouodi  for  rieb  feci  or  dainu. 


of  the  l>e|>artrdent. 

The  contrlcCor  or  contractors  shall  bid  with  the  eipreu  understandil 
thai  the  work  to  be  performed  under  these  specifications  shall  be  conin»no 

for  lame,  and  >hs1l  he  completed  on  or  before ai 

that  the  said  time  specliied  for  completion  of  the  vork  <b  an  essential  co 
diiion  of  this  contract.  Provided,  however,  thai  if  tfie  contractor  or  contracto 
is  or  aie  delayed  by  the  Cit>  of  Chicago  in  the  commencement  of  the  wor 

When  the  water  main  shall  not  have  been  Uid  in  any  street  ordered  ii 
proved  and  it  has  been  ascertained  that  there  ate  not  enough  houses  to  p; 
the  City  of   Chicago  a   revenue  of  ten    <10)    cents  per  lineal   foot   (or    eiei 


the  money  so  advanced   by  the  conlraclo 


tbe  expiration  of  Iwo  «2)  years  unii 

paid. 

It   is   hereby    understood    and   a 

reed    that  sa 

shall   not  employ,   nor  permit   to  be 

mployed  by 

ativchorn   or 

United  States. 

II   is    hereby    understood    and    a 

reed    that    th 

shall    furnish    wilioiil    extra    com  pen 

ation    all    lab 

to  connect,  and   fit   the  new   pavemeo 

1   with   all   op 
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All  lou  or  damage  arinng  out  of  the  natucc  of  the  work  to  be  doDC,  or 

dilficultiH  which  ma;  be  encounlercd  in  the  proKcution  of  the  wor^  oi  liom 
the  action  oi  (he  clemRits,  ihall  be  nuUlned  by  the  contractor  or  conltactora, 
who  will  be  required  to  replace  all  pavemenCa,  etc.,  HJthout  coM  to  tha  City 
of  Chicago. 


ntB  reserreB  th»  right  to  talie  whalcrCT 
granile  blocks,  or  any  other  old  material  from  the 
:tDr    or    conlractorB    will    be    required    to    carefully    let 

lirecttd  by  aaid  Board  of  Local  Improvementi. 
L:oiitractori  ihall  be  required  to  remove  al  hia  or  Ibeir 

ly   of  making  the  impravement. 
contractors    shall    retnoTe    all    surplus    msteriala    and 

>  »»>.  and  a>  fast  a,  completed. 

contractors  will  be  required  to  remove  all  aldewallu 
nprovements  in  a  careful  manner,  and  preierve  and 
1   good  condition   as   found   befpre    removal,   at   his  or 

cenitaclert  u-iU  he  held  respontiMe  fee  any  damat* 
drain   pipes   in   addilion    lo    the   penally   prescribed   by 

!S  of   said   improvement    the   contractor    or   contractors 

all    stoma,   carls,    material    and    all    obstructions 

irithout  hindrance,   and  saJd  contractor   or  contractors  will  be   held  liabJe    for 

If  In  the  prosecution  of  said  work  it  shall  be  necessary  to  dig  up,  use  or 
occupy  any  street,  alley,  highway  or  public  grounds  of  said  City  of  Chicago, 
the  contractor  or  contractors  shall  erect  and  maintain  strong  and  auilable 
barrien,  and  during  the  night-time  lights,  such  a*  will  eRectually  prevent  any 
acddent  or  harm  to  life,  limb  or  property,  in  consequence  of  such  digging 
up,  use  or  occupancy  of  aald  street,  alley,  highway  or  public  grounds;  and 
the  contractor  or  coatnclors  shall  be  liable  for  all  damagea  occasioned  by  the 

■hicb   may   result   Ifaerefrom,    or   which   may    result   from   the   eareletsnc)B  of 
such  contractor  or  contractors,   or  his   or  their  agents,  employes  or  workmen, 

BWOIK     STATIUIHT    UDUIUD- 

No  final  estimate  or  final  payment  shall  be  made  herein  by  the  City 
of  Chicago  or  any  of  its  officers  or  agents  until 
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■twil   d«li«cr   to   the    Board    of    Local    Improvements   a   ttalcmcnt    in    writing. 

delivered  upon,  incd  snd  incDrporated  into  the  work  herein  required  to  be 
done;  said  nalcmeni  la  be  iworn  to  hy  said  contraclor  or  conlractora  before 
a  Notary  Public  or  other  officer  aulhoriied  to  adminiMet  oath*.     It  it  funhei 


Inipeclors   will    be   appointed    whole    duly    Bbalt    be    to    point    out    to    th 

but  the   right  of   giia]    acceptance   or   condemnation   of    the  work   will   not  b 

The    Board    of    Local    Improvemenu    sha 


on  the  work. 

Upon  all   questions  conceminB   (he  execution   of   Ihe  work   in  accordance 

Board  of  Local  Improvementa  shall  he  final.  Ordinarily  one  inipector  will 
be  employed  on  the  setting  of  the  curbing,  one  on  the  foundation  and  two 
on  the  laying  of  Ihe  pavement  bul  if  on  account  of  a  dierexard  of  Ihe  apeci- 

should  be  required;  such  additional  inspeclors  shall  be  employed  by  the  Board 
of  Local  IniptovenientB  as  it  may  deem  necessary  to  insure  faithful  com- 
pliance with  the  contracl.  and  the  pay  of  such  additional  inspector!  shall   be 

deducted  from  Ihe  amouni  due  him  or  them  on  settlement. 

If  St  any  lime  during  ihe  progress  ol  the  work  any  rejected  maleriali 
liaald  be  found  In  the  sireet.  or  any  portion  of  the  work  being  improperlr 
done,    Bucb   material   shall   be   removed   and   replaced   by    proper  materia]   and 


Should   the    Board   of    Local   Improvements   deem   it   proper  or  neetttmey 

in  the  execution   of  the  work   to   m:ike   any   alterations  chicb   shall    increase 

not  vitiate  or  annul  the  contract  or  aKrccmenl  hfrehy  entered  into,  bul  the 
•aid  Board  of  Local  Improvemenli  shall  determine  the  value  of  Ihe  work 
•Q  added  or  omitted,  such  value  to  be  added  to  or  to  be  deducted  from  the 
contract  price,  as  the  cose  may  be. 
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Tbc  woih  lo  be  done  purBuanl  to  this  contract  shall  be  done  undtt  the 
direction  of  the  Board  of  Local  Improvement*  of  said  Cily  of  Chkago,  and 
it    is   expreiitv    undentood    tbal    In    no    caie    *ri]l    the    uid    Board    of    Local 

lor    any    portion    of   the    expenses    or    for    a.iy    delinquency     of     penona    ot 
properly  aaieased. 

If  the  rale  of  progress  ehall  be  satisfactory  to  the   Board  of  Lool   tm- 
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shall  be  of  such  character  and  quality  as  to 

all    defects,   and  in   continuous   good   order 

Board  of  Local   Improvements,  ordinary   we. 

(10)   years  from  and   after   th 

11  a  guarantee  of  the  faithful 

ot  the   malcrial   furnished    and  the   proper   construction   of   said   improvemen 

the    contractor   or    contractors    hereby    agree    to    keep    and    maintain    Ihe   aai 

improvement,   wUhool   additional    charge   or  cost   to  the   City   of    Chicago,    i 
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proremaiK,  ordinnrjr  vtti  (iccptcd.  foi 
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(aid  work  if  improperly   done;   and  in  lucb  caae  of  default,   or  in   any   caie 

of  defau'i,  to  adjiut  the  difference  of  dimage  or  price  (i(  (here  be  Bijr) 
which,   according  to  the  juit   »nd  reuonable  inttrpf"Blion  of  theae   ipecifiO' 

the  opinion  of  the  uid  Board  of  Local  Impiovementi  pay  id  Ihe  City  of  Chi- 

Ir  cODSlTcit  said  work,  in  all  mpecta  accordiDg  to  Ihe  condition!  hereinbefore 
■peciGed,  or  for  any  other  defaalf;  and  it  it  hereby  nndentood  and  agreed, 
that  for  the  amouni  of  damage  or  price  dctermiiitd  by  laid  Board  of  Local 
Improveznenla  to  he  paid  to  said  City  of  Chicago  by  aaid  COTitractor  or  con- 
tractors  for   any   such   default,    or   for  any   money   paid    out   hy   aald   City   of 

default,    there    shall    be   applied   ia    payment    thereof    a    like    amoitnl    of    any 

of  Hid  work  u  far  ai  Ibere  may  be  any  lucb  money,  and  lo  far  as  the  same 
(ball  be  aufficientj  and  it  there  shall  not  be  sufBcienI  amount  retained  from 
aaid  contractor  oT'  contractora  then  and  hi  such  case  the  amount  to  be  paid 
lo  the  said  Gty  of  Chicago  in  conaequence  of  such  dsfault  ahati  be  a  just 
claim  againit  said  contractor  or  contraciora,  and  be  recovered  from  him  i>r 
then  M  law.   in  Ihe  name  of  Ihe  City  of  Chicago,  before  any  court  of  com- 

ulaied  and  underatood  that  such  declaration  of  forfeiture  aball  not  in  any 
manner  rcliere  Ihe  contractor  or  contractors  from  the  coTenanta  and  condi- 
tions of  the  contract  for  said  work,  but  the  same  shall  be  and  remain   valid 


The  said  work  shall  be  prosecuted  with  auch  force  as  the  Board  of  LocU 
Improvements    shall   deem   adequate  10   its  completion   within   the   time    speci- 

Board  of  Local  Improvements,  for  its  completion  within  said  specified  time, 
or  if  io  any  event  the  contractor  or  contractors  shall  fail  to  pro-eed  with 
the  work  in  accordance  with  Ihe  requirements  and  conditions  of  these  speci- 
fications, Ihe  Board  of  Local  Improvemenls  shall  have  full  right  and  aulhor- 
ity  to  Uke  the  work  out  of  the  hands  of  the  contractor  or  eonlractors  and 
to  employ  other  workmen  to  complete  the  unfinished  work,  and  to  deduct  Ihe 
expense  thereof  from  any  money  that  may  be  due  and  owing  to  the  con- 
manner  fail  to  complete  said  work  in  Ihe  time  herein  specified,  Ihe  Cily  of 
Chicago    is    hereby     auihoriicd    and    empowered    to    pay    to    any    laborer    or 

the  above  apeciiied  work,  out  of  Ihe  funds  due  said  contraL-tor  or  contractora. 
uopn   the    estimatrt   of  the    Board  of    Local    Improvements,   at    the   time   said 
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Board  of  Local  ImprovcineDti  ihall  declare  taM  oinliBct  forfeilcd,  any  and 
all  saml  of  moaey  wbich  ma;  be  found  lo  be  due  and  owing  to  sueh  con- 
tractor or  contractora  under  aaid  conlnct,  and  without  ginng  any  notice 
wfaataoevcT  to  laid  co.ilraclDr  or  con:raclori  of  tbe  intention  go  to   do.      And 

to  aacertain  the  amount  or  aniounta  10  due  and  owing  to  anjr  sttcb  laborer 
or  laborem,  from  said  contractor  or  contractor)  in  such  manner  and  upon 
■ueh  proof  at  he  may  deem  auffidenl,  and  without  giving  any  notice  of  sucb 

•o  found  by  him  to  be  due  and  owing  to  luch  laborer  or  laborers  ahall  be 
final  and  conclusive  aa  against  aaid  contractor  or  conlractora,  and  may  there- 
no  (Kimate  will  be  issued  to  said  cantrictor  or  contraet<>r>  until  all  claims 
for  labor  on  this  conlracl  shall  have  been  satisfied,  said  aums  of  money 
being  payable  out  of  the  proceeds  of  the  apecial  asaeisment  levied,  and  out 
of   the   proceeda    of   any    special    aasessment    which    ■ball    hereafter    be    levied 

The  contractor  or  contractora  shall  make  no  claim  against  said  City  of 
Chicago  in  any  event,  except  from  the  collections  of  the  special  assessment 
made  or  lo  be  made  for  laid  improvement,  and  to  lake  all  risks  of  Ilie 
invalidity   of   any    such   apecial   assessments,    the    City   of    Chicago    not    Co   be 

any  of  them,  or  of  the  proceedings  therein,  or  for  failure  tu  collect  the  same. 

No  part  of  the  work  berdn  spedlied  ahall  be  assigned  or  aub-conlracted 
without  the  written  consent  of  the  Board  of  Local  Improvements  and  In 
no  caae  (hall  such  consent  relieve  the  contractor  or  contractors  from  the 
obligation*   herein    entered    into   by    the   aame,    or    change   tbe    terma  at    Ibis 

In  tht  {nlrr^ttulien  if  tktst  iptcificaliaiii  the  dtcision  of  th*  Bavri  at 
LcctI  Improvemtnit  ihall  bt   Unal. 

The  undersigned  hereby  certi  that  he  ha  read  the  foregoing  aped- 
ficaiions.  and  that     h       proposal  for  the  work  is  based  on  tbe  conditions  and 

Name 

Residence 

Name 

Name 

Residence 

REMARKS. 

On  the  outside  front  page  of  th«  specifications  is  a  description 

of   the    work    to   be   done,   together    with    an   estimate    of   all    the 

quantities  of  all  the  materials  to  be  used  and  the  work  to  be  done. 

Then  follows  the  Instructions  to  Bidders,  of  which  a  sample 

is  here  given  from  the  Granite  Block  Specifications ; 
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INSTRUCTIOSS    TO    BIDDERS. 
It  w  Ihe  intention  of  IhcM  epwific.tion.  to  provide  for  thii  LmproTemMt 
in   ■   complelc.    thorough   and   workmanlike   manner.      The   conliaclor   or    con- 
trdctori  to  whom  the  work  it  awarded  ihall  furniih  all  mateiiala,  labor  and 

tbeie  ipeciGcslioiu,  and  anything  omitted  heidn  which  may  be  reaaooably 
interpreted  aa  neccsaary  to  such  completion — the  Board  of  Local  fmprove- 
■nents  being  the  jndge — !•  (o  be  merged  in  Iht  price*  Ind  for  the  impniTement. 

No  bid  will  be  accepted  which  does  not  contain  an  adequate  or  reaionahle 
price  for  each  and  every  item  named  in  the  schedule  of  quantities 

Bidders  muar  satisfy  Ihemaelves  by  personal  examination  of  the  location 
of  the  proposed  work,  and  by  such  other  means  as  they  may  prefer,  as  to  Ihe 
accuracy  of  the  estimate  of  quantities,  and  shall  not  a<  any  lime  after 
the  submisnon  of  an  estimate,  dispute  or  complain  of  such  estimate  of  the 
engineer.   Dor    slMTt  that   there  was   any    miaunderstajiding  in    regard   to   the 
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I<    will    l>e 

rrsons   or    firms   who    may   be   in 

Ihe  aty  of 

1  debt  or 

contract,  or  who 

may  be  In  de- 

\X  as  su 

rrety  or  oil 

.erwise  upon  i 

said  City 

of  Chicago,  or 

behind  spei:16ed  time  • 

us  work. 

Comps 

inies  or  iii 

rms  bidding  for 

any  or  all  bids,  or  to  accept  bids  separately  as  to  curbing,   filling,  grading  oi 
paving,  or  to  accept  any  bid  in  Ihe  aggregate. 

■       MACADAM. 

For  macadam  roadways  the  writer  often  uses  the  following 
gpecifications : 

First  specify  the  rock  to  be  used.  It  is  well  to  test  rock  from 
different  local  quarries  in  a  rattler,  etc.,  and  then  name  in  the  speci- 
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ficattons  all  the  rock  that  passes  ihe  tests  satisFactorily  and  alto 
allow  any  other  rock  that  will  pass  the  tests. 

Then  specify  the  preparation  of  the  roadway  and  require  the 
rolling  to  be  done  with  a  roller  of  not  less  than  five  tons  weight  and 
to  be  rolled  and  sprinkled  alternately  until  a  wagon  with  two  inch 
tires  carrying  not  less  than  one  ton  can  be  drawn  over  without  cut- 
ting or  very  appreciable  settlement 

Upon  the  earth  foundalioD  shatl 
The  lowfr  \AjtT  when  rompacled  iha 
fioistacd  roadway.  No  stone  ia  i<  (hall  riiceed  in  (ny  dimession  anc-half 
the  Ihidmru  of  the  uid  layer.  Not  to  exceed  twentj'  per  cent  of  the  atone 
ihall  be  gmall  enoirgh  to  to  througb  a,  faalC-incfa  meita  and  be  retained  on 
>  oni-eighlh  mcb  mesh.  The  remainder  of  Ihe  Mone  shall  be  fairly  uni- 
fonn   in    varying    tiiei   between   fhe    extremes   permitted. 

After  Ihe  lower  layer  ii  spread  with  rakei  and  forlis  it  ahall  be  rolled 
and  sprinkled  a'lernatety  until  it  cuks  to  more  under  the  roller,  fine  sioae 
dtiit  or  land,  or  hath  atone  dust  and  sand  being  added  from  time  to  time  lu 
fill  the  intersticea  and  aisin  in  holding  Ihe  material  firm.  When  rolled  tnitil 
■  wafon  with  two  inch  lirea  and  loaded  with  not  less  than  one  ton,  can  b* 
taken  over  it  without  cauiing  the  atone  10  be  diiplaced.  or  makinB  an  appre- 
ciable rut,  the  apreeding  of  the  necond  layer  may  be  commenced. 

The  second  layer  when  comprcied  shall  conaiiiute  one-third  the  ihtcknesi 

half  Ihe  thickness  of  the  said  layer.  Not  to  exceed  twenty  per  cent  shall  be 
■mall  enough  Id  pass  a  half-inch  mesh  and  be  retained  on  a  one-eighth  inch 
mesh.      The  remainder   of  the  stone  shall  be   fairly   uniform   in   varying   siica 

The  second  layer  shall  be  rolled,  sprinkled,  spread  and  bound  in  Ihe 
aame   manner   as    required   for    the   first   layer. 

The  third  layer  shall  complete  the  total  thicknesa  of  Ihe  pavement.  Mo 
piece  of  stone   in   it   shall  exceed  in  any  dimension   one-half  the   Ihicknea*  of 

I.     The  remainder  to  range  uniformlr 

^  spread,   sprinkled,    rolled  and  bound 

The  surface  of  the  roadway  shall  present  a   uniform  and   smooth  appear- 

engineer  before  accepting  the  work  can  cover  the  roadway  with  water  and 
the  eonlraclor  sha'l  pick  and  reitll  all  depressions  that  contain  more  than  one- 
half  inch  in  depth  of  water  and  if  a  depression  containing  in  the  center 
one-half  inch  of  water,  be  leaa  than  four  feet  across  then  such  hole  must  b* 
piidied  and  refilled,  under  the  direction  of  the  engineer. 

For  heavy  traffic  on  a  business  street  the  thickness  can  be 
twelve  inches.  No  particular  object  is  gained  in  making  it  more. 
On  residence  streets  with  extremely  light  travel  and  a  good  soil 


the  said  layer.     Not 

o  exceed 

such  as  will  pass  a 

ne-eighth 

between  the  extreme 

sites  pen 

This  third,   and 

final,   laye 

a*   specified   for  Ihe 

iwo   lowe 
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rix   inches   is   ample   if   drainage    is    taken   care   of.      Streets   with 
medium  traffic  can  have  eig^t  or  nine  inch  macadam. 


SPEOFICATIONS  FOR  GRAVEL  ROADS. 

goiiijl  ipcciJicationi.    The  taiDC  mty  be  Biid  Qf  the  cleaning  up  i|iccificationL} 

UpoD  the  carCh  fouDditicm  thui  prepared  ipreid  a  layer  of  clean  gravel 
four  inchei  thick.     None  of  the  gravel  tbalt  exceed  two  inchea  in  any  diDKD- 

tbat  a  miDimum  of  voids  ihall  be  Icfl.     It  ia  to  be  apread  In  au  even  layer 
and  qiriolded  and  rolled  until  it  ceaiea  to  move  under  Ihe  roller.     It  it  does 

■ad  waabed  htto  tbe  intcriticea. 

On  top  of  thia  lower  layer  aball  be  placed  a  layer  of  dean,  aharp  gravel, 
free  from  piecea  round  like  marbka,  and  from  which  all  piecca  CKceeding  Ihrec- 
quartera  of  an  Inch  in  all  dimeniiona  ahall  be  excluded.  Thia  layei  ahall 
be  •prinkted  and  rolled  like  the  lower  layer  but  inatead  of  clay  or  loam 
being  uaed  aa  a  binder  if  it  does  nai  compact.  It  abould  b«  bound  with  fina 


BITULITHIC    PAVEMENT. 
The  following  specilications  were  used  in  Cincinnati  in  1904-5 

The  earth  foandatioa  or  nb-grade  will  be  brought  to  an  even  anrfac 
parallel  with  the  grade  proposed  for  the  pavement,  by  making  (he  necesai 
excavation  or  embanluncnt.  Soft  or  spongy  earth,  or  other  material  n( 
firm,  will  be  removed,  and  the  space  filled  wilh  alone  or  with  extra  concrett 
aa  apecificd  for  pavement  baac.     The  aubgrade  surface  will  be  compacted  b 

oughly   compacted   by   ramming.      When    this  shall    have   been    done,    the   aui 

Ibe  pavement.  Eicavation  ahall  be  paid  for  at  the  price  bid  per  cubic  yard 
.and  crushed  stone  or  concrete  per  cubic  ya.d  at  Ihe  price  hid  (or  same.  Al 
[rial  ahall  belong  to   the   contractor. 
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be  found  and  dean,  (he  frannienti  being  unifDrmly  traded  in  sites  frog 
nwleriil  thai  will  pais  a  three-inch  icreen  to  material  that  will  stand  01 
one-inch   screen,    and   the    various   wies  shall    be   laid   in   sliata.   each   strai 

The  layer  of  crushed  stone  prepared  as  specified  will  be  coaled  with  M 
ren's  No.  1  Puriian  brand  semi  liquid  composition,  or  material  of  the  s 
chemical  and  physical  properties,  said  bitumen  to  be  sufficiently  nexible 
unite  freely  with  the  cold  stone.  On  lop  of  this  composition  shall  be  apr 
a  heavy  coaUng  of  Warren's  No.   24   PuriUn  brand  hard  bituminous  cemi 

wearing  surface.  One  gallon  of  bituminous  cement  will  be  used  to  each  squ 
yard  of  surface.  On  this  prepared  pavement  base  sha'I  be  laid  the  weai 
surface,    which  shall    he   composed   of    carefully   selected    hard  crushed    ste 

After    healing  the   slone   in    a   c 


which  shall  be  1^  inches  and  the  minimum  0.1  inches  diameter.  The  scv. 
eral  sizes  of  stone  thus  separated  by  the  screen  sections  shall  pass  inlo  a  bin 
conUinihg  sii  sections  or  compartments.  S-ram  this  bin  the  stone  shall  he 
drawn  into  a  weigh  bon  resting  on  a  scale  having  seven  beams.  The  stone 
from  each  bin  shall  be  accurately  weighed  in  the  proportion  which  has  been 
previously  determined  by  laboratory  tests  to  give  the  best  results — that  is, 
■he  most  dense  nuiture  of  mineral  aggregate,  and  one  having  inherent  sta- 
bility.     From   the   weigb-bnn   each   batch    of    mineral    a^regate,    composed   of 

other  approved  form  of  mixer.  In  the  mixture  shall  be  added  a  sufficient 
quantity  of  Warren's  Puritan  brand  bituminous  waterproof  cement,  varied  from 


The  bituminous  cement  shall,  before  mixing  with  the  Mane,  be  heated  to 
between  S00°  and  a5p°  F.,.the  amount  used  to  each  batch  ahall'be  accurately 

laboratory  examination  to  give  the  best  results  and  to  fill  the  voids  in  the 
mineral  aggregates.      The  mixing  shall  be  continued  until  the  conibinallon   is 

there  spread  in  the  prepared  foundation  to  such  a  depth  that,  after  (borough 
compression  with  a  steam  road  roller.  It  shall  have  a  thickness  of  two  inches. 
The  proportioning  of  the  varying  siies  of  stone  and  bituminOTis  cemeiit  shall 
be  SDcb  that  the  compressed  mi-lure  shall,   as  closely  as  practicable,   have  the 

After  the  rolling  of  ihe  wearing  surface  taere  shall  he  spread  over   It  ■ 
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(hln    coating  of  Warren's   qukk-drjiing  biiuminous   flush   coat   campoiition,   or 

this  coaling  being  lo  Ihocoughly  ti<I  any  unctn^ness  or  honeycomb  which  may 
appear   in   Ihe   surface   of   the   mixture.     There  shall   then    be  Tolled   into  the 

the  special   direction  of  the   Engineer.     The  atone  chips  will  be  of  the   aame 
The    roller   used   for   compacting   the    earth    foundation   or   sub-grade,    for 


less  than  «5a  paundt 

Each  layer  of  111 

with  Ihe  succeeding 

When,  on  rol'ing  the  sub  foundation,   it  is  found  impossible  to  make   ihc 

to  furnish  a  Portland  cement  concrete  foundalion.  to  be  laid  under  the  fol. 
lowing  specie  cations:  The  concrete  shall  consist  of  mortar  and  crushed  stone, 
gravel  or  sag,  which  will  vary  in  site  from  'A  inch  to  S  inches,  mixed  in 
such  proportions  as  will  provide  a  solid  concrete.  The  mortar  shall  consist 
of  one  pan  of  Portland  ccmtnc  to  three  parls  of  clean,  sharp,  coarse  sand, 
and  shall  be  used  with  crushed  stone  in  predetermined  proportions  lo  give 
■  firm,  solid  concrete.  As  soon  as  the  concrete  is  well  tamped,  and  before 
it  becomes  set.  there  shall  be  scattered  over  the  surface  of  the  concrete  a  suf- 
ficient quantity  of  c^ean  broken  stone  of  such  site  as  will  pass  a  l^^.inch  or 

half  cover  the  concrete.  This  stone  shall  Ihen  he  tamped  so  as  to  become  well 
bedded  into  the  surface  of  the  concrete,  leaving  a  rough  surfai-e  to  the  founda- 

il  to  afford  a  rough  surface  to  the  concrete  to  enable  the  hitulithic  wearing 
•urface  to  more  firmly  adhere  lo  the  same. 

If  the  fine  crushed  stone  does  not  provide  Ihe  heat  proportions  of  Anc 
grained  particles,  they  muse  be  supplied  by  the  use  of  not  to  exceed  15  per 
cent  of  hydraulic  cement,  pulverized  :;lone  or  very  fine  sand. 

The  bituminous  cement  ehill  br  prepared  by  seeding  bitumen  which  his 
been  distilled  from  coal  and  passed  in  a  gaseous  a  ate  Ihroagh  water  and  puri- 
fied by  water,  removing  therefrom  all  matter  aoUible  in  water,  and  only  that 
bituminous  material  shaU  be  used  which  condenses  from  the  gaseous  stale  in 
water.  The  material  selected  sha  I  be  mixed  in  fixed  proportions  so  .is  to  live 
and  produce  a  uniform  condition  as  to  the  qnantily  of  free  carbon.  The 
bituminoics  cement  shall  not  be  adulterated  with  any  class  of  as]ihalt.  coke. 
oven  coal  tar,  water-gas  coal  tar,  or  any  of  the  products  of  pelioleum,  and 
shall  be  especially  refined  and  distilled  at  temperatures  never  rising  abnve 
450°  P..  using  such  forms  of  mechanical  steam  and  air  agitation  as  will  acorn, 
plish  uniformity  of  results,  and  remove,  as  tar  as  possible,  n.-.pthaiene  and 
other  matters  most  susceplible  to  atmospheric  influences. 
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uch  qualiir  thai  wh«n  three  ooDca 

on  (laldnc  tbe  penetration  of  1/16 
ily  ol  Trinidad  Lake  asplult  paving 
at   7e°    F.     Tbe  biiuminoua  cfment 


.  Trinidad  aipbali  cement  Bubmilted  to  the  sanie 
condition  will  show  at  the  end  of  two  weeks. 

Tbe  mineral   ingredients  shali   be  lo  arranged   as   lo  tiies  that  thef   wit] 
have  inherent  alabilitf  independent  of  tbe  bitumen  so  sa  to  stand  a  weight  of 

the  bitumen.  The  pure  bitumen  used  in  the  wearmg  surface  shall  be  of  such 
(oflness  that  it  will  not  be  harder  in  penetration  at  T0°  F.  than  a  Trinidad' 
Uphalt  paving  cement,  composed  of  100  parts  refined  Trinidad  Lake  asplialt 
•nd  tbirt)'  parts  petroleum  residuum,  at  18°   Beaume. 
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The  price  bid   per   square  yard  to  Include  repairs  necetaary   to  tti 
for  a  period  of  five  years   from  the  date  of  acceptance  by  the  city. 


Under  these 

spedfica 

0 

8    {<    i 

Intended  Ic 

get 

a  weari 

g  surfac 

It  two  inches  in 

depth  ov 

J   it  shall  b 

binder 

fou 

or  to  lev* 

with    a   part  of 

Th 

binder 

(hall  be  fine  par 

clea  of 

ravel  no.  to 

ed  one 

och  i.i  di 

thoroughly  coated 

with  W 

en'9  P 

uridn  brand 

No.    IB  to  No.    i 

*.  or  ma 

al  wi 

h   the  same 

Chen 

ical   and 

physical 

of  bidd 

„ 

on  th 

bitulithic  pavem 

nt  U  ca 

cd  to  th 

ment  oo  file  with 

the  Couii 

ci 

of  th 

City  of  Ci 

tl,  unde 

a.  IBM.  and  bidders  are 

by  no 

ified  that  t 

n  of  2i 

ynrd    will   be   ret 

the   c 

ontract    pric 

the  same  direct  t 

Warren 

B 

rothers 

Company  fo 

c  the 

patent 

ighCs  and 

therein  granted. 

PATENTED  BITULITHIC  PAVEMENTS. 

The  introduction  of  bitulithic  pavements  has  been  hindered  in 
many  cities  owing  to  the  fact  that  patented  materials  are  generally 
forbidden  because  tending  to  create  a  monopoly  and  thus  prevent- 
ing free  competition. 

The  securing  of  perfectly  free  competition  does  not  always  insure 
the  securing  of  llie  best  materi;ils  and  such  hi»s  often  prevent  the 


0.  Google 


STREET   PAVEMESfs.  95 

people  taking  advantage  of  progress  in  methods  of  doing  public 
work.  In  a  number  of  cities  the  use  of  patented  pavements  has  been 
allowed  after  trial  in  courts. 

CONCRETE 

The  first  good  pavements  of  ctuicrete  were  laid  in  Richmond, 
Ind.  Mr.  H.  L.  Weber,  the  dty  engineer,  in  a  paper  before  the  Ohio 
Engineering  Society  gave  the  following: 

SPECIFICATIONS. 

Section  1. — Tht  Contractor  shill  fumiib  all  the  labor,  tooli  and  miterlali 
ncceaiary  for  Ibe  completion  of  the  cement  work  and  icccnorica  aa  herein 
apecified;  alio  furniih  all  labor  and  materbla  Tequiied  for  proteciing  and  re- 
pairing adjacent  atmcture^  nuintaidlng  pnblic  trawl  on  the  (treet  or  inter- 
cepted roada,  walka  and  itreeta;  all  labor  and  materiaU  required  for  any  of 
Ibe   operations,   principal   or   collateral,   mentioned   or    implied   herein. 

All  materials  and  labor  ihall  be  lubjcct  to 
of  the   Engineer  and  Superintendent  in   charge. 


S«c  «.— Exca»ate  to  Ih. 

!  full  width  an. 

d  depth  below  the  top  of  the  gnde 

■talcem  aa  ahown  bj  plana. 

Tbe  material  . 

lied  ahall  be  delivered  by  Ihe 

Contractor  to  auch  lota  or  t 

racta  of  land  a 

bullir 

may  require    filling.      After 

filled. 

be  delivered  to  ancb  points  aa  Ihe  Board  o: 

i  Public  Improvements  or  Engineer 

may  detignale.  provided  the 

haul  does  not 

ed  one  thouaand  yards,  other- 

»i»e  aaid  material  shall  belong  to  the  Con 

trsci* 

^.  to  be  dispoted  of. 

Sic.  8,-Sub-Draina  ahal 

1  be  laid  of  thr 

ee  or 

four  (B-  or  4-)  inch  cnniDan 

drain  lite,  eighi  (8')  inchea 

below  Ihe  sub-grade 

IS  shown  by  the  plana.    The 

tile  aball  be  laid  to  a  true  g 

cloae  fitting  jointi.  with  dean 

gravel  packed  aroand  and  o> 

,er  them  to  th< 

!  top 

of  the  trench.     The  tile  shall 

be  connected  to  aOch  oullel, 

i  as  Ihe   Engin 

nay  determine.      All  junctions 

to   be  made  with  "Y"  and 

"T"  branches. 

and 

vitrified    lewer    pipe. 

run,  aooTO, 

■TC. 

S»c.  t.— Tren  aball  not 

be  injured,  bu 

t  rool 

:s  of  trew  which  in  any  way 

interfere  with    the    construct 

ion   of   the    wa 

.d   iia  nuinlenance    in   proper 

manner,  ahall  be  cot  away  , 

>i  Ihe   Engineei 

r   may  direct.     Tbc  pavement  shaU 

fixtures  in  Ih. 

!  walk. 

'  Sic.  S. — Wbere  the  material  in  any  walks  that  now  exist  on  the  street 
shall  be  acceptable  to  the  Board  of  Public  Improvements,  they  shall  he  relaid 
to  the  grade  and  line  established;  the  price  therefor  shall  be  determined  by 
adding    10    per    cent   to   the    actual    cost  of   the    work   at  determined   by    th< 
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(8*)    inches  m   Ihickness  sfler 
uniform  depth  of  four  la  lix 


lation   with   a   total    depth   of   eight    (8')    inches,    after   being   leveled   oflf 
lettled  by  flooding  and   ramming.     Upon   this  bed  will   be  placed  a  liysi 

HPOOthed.  to  recciie  the  concrete  cirrbing. 
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Sic.  B.— Upon  the  foundation  place  the  concrete  lotir  to  riz  (1'  to  ••) 

inthei  thick  after  being  thoroughly  rammed;  it  ahdl  be  iiniformly  one  (1') 
inch  below  the  fiaiahed  grade.  The  facing  shall  be  placed  in  the  templet* 
forming  the  curb,   backed  up   with   concrete   thoroughly  rammed  to  place. 
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Sic.   9. — Before  the  concrete  has  set,   deport  the  wearing  surface,  which 

parts  clean,  coarse,  washed  sand,  if  the  nature  of  the  material  require  it;  or 
one  part  cement,  one  part  sand,  and  one  part  clean,  crushed  sione  screeoings. 
First  mixed  thoroughly  in  a  dry  stale,  then  add  sufficient  clean  water,  and 
thoroughly  mix  into  a  medium  soft  morui.  Deposit  this  upon  the  concrete 
and  trowel  down  to  insure  a  perfect  contact,  then  level  with  a  straight  edge 
from  the  grade  strips.  When  sulhciently  hard.  Boat  and  trowel  to  a  amooth 
continuous  suiface.     Avoid  dusting  the  surface  with  dry  cement. 
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Tb«  turfiM,  except  a  marglniit  draft  Iwo  Inchei  wide  iroimd  each  plaic 
Mid  five  inches  aloDK  curb  line,  ■bill  be  pitted  with  ■  brus  niller  acceptable 
to  the  Engineer. 

The  oetuing  turlice  thall  be  cat  In  blocks  the  same  siia  u  th«  concrete 
base.  As  soon  as  the  work  baa  properl/  art,  all  ;teinplen  to  be  remored  anil 
edgea  plastered  to  the  full  depth  of  templet^  if  required  b;  the  Engineer. 

AH  walks  shall  hne  a  rise  of  one-fourth  Inch  per  foot  from  the  curb 
to  the  lot  line.  Strips  properly  itsked  shaQ  be  act  on  both  aides  at  the 
walk  to  keep  straight,  being  careful  that  the  grade  and  fait  are  corrnt.  Any 
wslk  not  proper];  laid,  must  be  taken  up  and  relald  by  the  Contractor. 

CnlEHT    CUU,     GUTTEI    AHD    CIOSSVALU. 

StC  IP. — The  cement  curb,  gntler  and  crOBSwaTks  shall  be  constructed  in 

ten  (8*  to  10')  Inches  in  depth,  after  being:  flooded  with  water  and  com- 
pactljt  rammeil  to  an  even  surface.  Upon  the  aub^grade  will  be  laid  the  found- 
ation A  or  B  as  shown  by  plan.  The  curb  and  gutter  or  crosswalks  will  be 
compoaed  of  concrete,  fornied  by  intimate!;  mixing,  drr,  one  (1)  part  Poit- 
Und  cement,  two  (S)  parbs  coarse,  clean  sand,  washed  If  neceaaary,  threo 
(S)  parti  of  clean,  medium  sized  gravel,  and  two  (S)  parts  of  eletn, 
screened  Hme   atone,   crushed  to  pass  (hrough   a  screen  of  one  and  one-half 

placed  ia  the  templets  and'  thoroughly  ^rammed,  free  mortar  will  appear  on 
the  surface.  The  ramming  of  the  conCTete  in  the  forms  shall  be  done  with 
the  proper  tamping  bars  and  other  tools  to  insure  *  compact  hamageneoiM 
mass,  with  full  square  comers.  The  stone  shall  be  sprinkled  before  it  U 
added  to  the  mortar.  The  proportions  given  being  intended  to  form  ■  cea- 
crcte  in  which  'every  particle  of  land  shall  be  enveloped  by  cement,  and  every 
particle  of  gravel  and  atone  enveloped  by  mortar,  this  result  must  be  ob- 
tained to  the  satisfaction  of  the  Engineer.  All  exposeit  surfaces  shall  be 
covered  with  ■  finish  coat  one  (1)  inch  in  thickness,  compoaed  of  one  part 
cement,  one  part  of  fine,  clean  stone  icrecDinga,  and  one  (1)  part  of  dean. 
coarse   sand. 

The  facing  shall  be  placed  in  the  templets  forming  the  curb  backed  tfp 
with  concrete  and  thoroughly  rammed  to  place.     The  top  facing  of  curb  and 

dentl;  hard,  float  and  trowel  to  a  smooth  true  surface.  The  curb  to  b« 
eonstrocled  with  the  top  edge  to  the  established  grade  of  the  street;  the 
upper  and  lower  face  comer  to  be  rounded  to  a  radius  of  one  inch.  The 
curb  shall  be  ^  inches  thick  at  the  top,  and  the  gutter  eight  <S")  inches 
thick,  and  twenty-eight  (28")  inchts  wide,  and  consitircted  in  seven-foot  sec- 
tions, altenutely.  When  the  intervening  sections  are  constmcted  there  shiH 
be  >  atrip  of  tarred  paper  placed  in  the  joints,  as  the  Engineer  may  direct 
The  proportiotiing  of  the  cement,  aand.  atone  and  gravel  shall  be  done  by 
placing  a  templet  of  proper  size  upon  a  plalfonn,  and  placing  therein  the 
cement,  sand,  stone  and  gravel  in  the  proper  quantiliea  by  actual  measure, 
ment,  leveling  off  the  templets  with  a  straight  edge.  Wrought  iron  piOTections 
will  bt  biiilt  in  all  comers  and  places  deugnaled. 
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Sac  II. — The  Mb-Rnde  will  be  thorouEhlj  rolird,  lenltd  and  re-rollfld 
until  it  it  true  to  grade  And  croft-aeclion  of  the  fiaiahed  rtadwax,  and  from 
tight  to  twelTc  <r^  ir*)  incbea  below  the  lurfice  of  the  wreet,  u  the  uK 
may   be. 

If  found  Bteewif]!  for  sub  driinige,  upon  (he  •ub-gradc,  place  three  to 
four  (a-  lo  4")  ioihe*  of  Kr»vel,  Ihotoughly  wel  and  consQlLdaled  by  rollins 
or  ranunlng,  or  botb.  L'pon  tUa  gravel  toundalion  will  be  placed  a  tayer 
of  concrete  from  four  la  five  (<'  to  S'}  inches  in  thiclineia  and  finiihed  to 
■  true  crown  tnd  srade,  parallel  to  the  finished  street  surface  and  three  ta 
four  (>'  to  *")  loch<«  below  ibe  BDie.  Tbii  vrill  conMiiuie  the  foundation 
for   (he   lement  rOBdway. 

When  sufBcientty  Mrong  to  austun  Uie  roadvay  paving,  the  aurfaee  of 
the  coactete  fonndatioil  will  be  covered  with  a  coating  of  fine  sand,  raked 
oS   with  •  Hat  board  take,   by  hand,    w  as  to    remove   all   laad   m^cpt   tt«t 

Upon  this  will  be  placed  a  lajer  of  thin  tar  paper  (or  olhtr  suiuUe 
paper)    or   material   to  act   as   a    separating   joint- 

Upon  thi»  will  be   laid    the   concrete    paverneni   two   la  three    <a'   to    S') 

inches   thick,    in    section,    the    full    width   of    the    street    and    feet    in 

length,   with   expansion    joints  next   the   guttera  and   ends. 

Thia  roadway  concrete  will  be  composed  of  one  part  cement,  two  psrtc 
•and    three   parta  gravel,    and    two    parta    cruahed .  atone,    mixed    with    water 

Upon  this  will  be  placed  the  wearing  anrface,  one  inch  thick,  composed 
of  one  psrt  cement,  one  part  clean,  sharp  sand,  and  one  part  clean  stone  ot 
granite  •cieenings,  mixed  with  water  to  form  a  rather  wet  facing  mixture. 

Tbe  wearing  tm-face  wil]  be  deposited  in  two  layers,  one-bait  Inch  thick, 
the  first  to  be  tborougbly  rammed  10  insure  perfect  contact:  the  second 
spplied  immediately  after,  and  thoroughly  troweled  and  worked  over,  and 
made  to  conform  to  the  finished  surface  of  the  street  by  the  use  of  Ibe 
proper    forms. 

When  sufficiently  bard,  tbe  surface  to  be  floated  and  steel  troweled,  and. 
lastly,  raised  with  a  cork  float,  and  when  finished  ninst  be  true  to  Erade 
and  cross-section. 

AH  concrete  must  be  machine  made,  or  Ibaroughly  mixed  by  hand,  as 
the  .Engineer  nay  direct. 

Sic  12.— (Kote:  The  writer  advises  in  this  section  the  Standard  Cement 
Specificatiotn  of  the  American  Society  for  Testing  Materials,  instead  of  those 
used    in    Richmond,    Ind.) 


0.  Google 


ES'GIXEnRlXG  WORK. 


In  tfac  line  of  walk,  the  walk*  will  be  made  of  qietial  cunitmccion  aa  ■hawn 
bf  plana,  or  aa  directed  by  the  Engineer,  Lctteis  ahalt  be  plaLrd  as  directed 
by  tbc  Engineer. 

Sic    Ifl. — Any   worli   not  finished   in   tbe  time    ipedlied,   ilull   be   diacon- 

and  not  again  comoienccd  until  aald  Board  ihall  order  the  Contractor  la  begin 
worlt      Ko   work   ihall    be  laid  in    freeiing   weather. 

Mepi,  or  other  ipputcenancei,  along  any  bnitding  In  order  to  harmoniie  aald 
building  to  tbe  eatabliibed  grade,  ibe  outside  tifie  of  aald  a[ipurlenancei  ahall 

be    feet    from    the   curb    line,    and   paraUei    therewith,    and    con- 

Blructed  u  ahawn  by  plana  and  detail  drawing. 

In  Belle fontaine,  Ohio,  a  pavement  that  had  been  dO'.vn  for 
thirteen  years  was  inspected  by  a  committee  from  Richmond,  Ind. 
The  committee  reported  that  although  the  pavement  was  extremely 
durable  it  was  unpopular  because  so  slippery  in  all  seasons. 

The  committee  reported  that  in  their  opinion  it  was  because 
the  surface  was  finished  with  a  steel  trowel,  whereas  in  Richmond 
after  steel  trowelling  the  surface  was  trowelled  with  a  cork  trowel. 
The  corrugations  and  ridges  left  in  tlie  Bellefontaine  pavement  was 
another  objection.     The   Bellefontaine   specifications   were   as   irA- 

CEMENT   PAVEMENT, 
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Sic.  t.-^Tht  entire  concrele  ind  top  muit  be  sciiarslcd  csretollr  ind 
ngulatljr  into  blocki  five  feet  aquarc  *nd  tbe  edges  neatly  finlihed,  tod  ttw 
Mufacc  gnwTcd  in  cantiiiiious  lina  from  *ide  to  •ide  tiery  four  iocbo,  Ibt 
gmona  bcinK  V  ihiped,  tbree-uteenth  incbe*  deep  tnd  one  btcb  wide  to 
be  troweled  nnootli,  the  entire  pavement  being  cirefuHy  bn^t  to  tbe  grad> 
Citn  by  tbe  engineer,  moM  preRDt  ft  Iriia  crown,  u  repmeoted  On  Ua  cfow 
Kction  prepared  (or  tfac  nmc 

Sic.  4. — A  row  of  block*  db  one  dde  to  hare  joint!  ilotnog  la  rack 
manner  that  ther  can  be  railed  withont  disturbinB  ihc  olfaet  blocki. 

Sic  S. — Curbi,  one  part  cement  to  Ibree  parti  und,  u  Incbta  wide 
of  vnc  material,  to  be  railed  on  cacb  lide  to  ■  lerd  with  the  ndewalki  ■• 
per  engineer'!  plan. 

Sac.  «.— Tbe  whole  work,  when  completed  to  be  covered  two  Inchei  deep 
with  wet  aand  and  kept-  in  that  condition  for  one  week  after  completion  of 
the    contract. 

Sic.  T. — Tha  ibove  ipeciSed  work,  when  completed  ii  to  be  Rnt-eliM 
in    every    particulH    and    1*   to    be    guaranteed    bj'    tbe    contractor   to    lait    a 

contract  price   of  tbe  brick  or  any   like  material  of   wbkh  there  majr  be   a 
conpctili**    bid- 
Sic.    S.'-All  work  to  be  in   itrict  conforniiiy  to  tlie  plana,    q>eclficatlant 
and  croH-iection  of  tbe  improvEinenl  and  to  be  carried  out  under  the  generll 
rcqulrtment  ai    bereiuafier   apeciBed. 

H.\SSAM  PAVEMENT  SPECIFICATIONS. 


PAVING. 

Upon  the  sub-gr»de,  after  being  thoroughly  rolled  or  compieased  to  a  true 
ajid  even  lufarce  at  least  (S^  inches  below  the  finished  grade,  shall  be  spread  a 
larer  of  Hone,  varying  in  sin  from  2)^'  to  IH'  to  coafonn  with  the  grades  and 
contour  of  the  Mreet  after  mllina.  After  this  atone  has  been  thoroughly  corr- 
paeted  by  rolltr^  or  compression  and  Eirmly  imbedded,  and  the  voids  reduced  to 

^ion  to  continue  during    the  process  of    grouting.     Upon  thi^    surface  shall  be 

Hushes  lo  surface. 

EXPANSION  JOINTS. 
Suitable  expansion  joints  shall  be  provided  at  the  curb  ami  across  the  street. 
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STREET  CLOSED. 
All  paving  shall  be  kept  without  travel  tot  a  period  of  at  least  six  (6)  dnyl 

opened  to  the  public  for  uk. 

MARKING  OF  PAVING. 
Every  street  laid  ahall  be  marked  with  a  9uitable  mark,  with  the  iiucriptiail. 
"Patented  May  1.  1800." 

SPECIFICATIONS  FOR  LAVING  HASSAM  P.WEMENT 
WITH    GRANITE  TOP. 

GENERAL  PROVISIONS, 
1.    All  material  and  debris  shall  be  removed  from  the  street  aa  the  new  work 
hat  the  public  may  have  use  of  the  street  as  soon  as  passible. 
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o  mean  the  Engineer  placed  by  the  proper  auth 

ictually  in  charge  of  the  work  in  Ihc  absence  of 
GRADING. 

8.  The  road  bed  shall  be  brought  to  a  sub- 
atablished  grade  of  the  street,  a  depth  equal  to 
Avement,  and  shall  be  graded  to  the  exact  form 
ilan. 

il.     In  places  where  fill  i«  required  it  will  be  n 
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It.    The  rtad  bed  ihen  shall  be  brou^t  to  (he  enact  sub-grade  hy  thoroughly 

Soft  and  iponlry  places  not  affording  ■  firm  foundation  ahall  be  dug  out  and 
nfiUed  witb  good,  (Dimd  caith,  cinden,  gravel,  slag  or  stone  as  the  city  may 

and  material  plus  fifteen  per  cen:. 

11.  All  excavated  material  not  used  on  this  work  shall  be  the  property  of 
the  city  and  shall  be  deposited  in  such  place  as  the  Engineer  or  Superintendent 
of  Streets  shall  direct.  The  maximum  length  of  haul  not  to  exceed  2,000  fee'. 
All  over-haul  ihall  be  paid  for  at  the  rate  of  tm>  cents  <t.02)  per  cubic  yanl  fc 
each  SOO  feet  or  fraction  Iheroof  of  over-haul. 

REQUIREMENTS  OF  MATERIALS. 

12.  All  cement  used  on  this  work  must  fulfill  the  requirements  of  the  speci- 
fications Gontaineil  in  No.  28  of  the  Professional  Papers  of  the  Corps  of  Enginee.-- 
of  the  United  States  Army. 

IX    Sajid.     The  sand  shall  be  clean  and  sharp  and  free  fnjm  clay,  toam  or 

M.    Stone.    The  stone  may  be  of  any  proper  or  suitable  grain  or  quality. 

16.  Water.  All  water  necessary  for  the  coostructioo  of  the  pavement  thall 
be  fumi^eii  tree  of  cost  to  the  contractor  by  the  city  of 

HASSAM  CONCRETE  FOUNDATION. 
IS.     Upon  the  sub-grade  prepared  in  accordance  with  the  spedfications  for 
grading,  broken  stone  or  gravel  shall  be  spread  so  that  after  rolling  or  compresaiugt 

17.  After  this  stone  has  been  thoroughly  compacted  and  firmly  imbedded  and 
cement  and  sand,  consisting  of  1  part  Portland  cement  and  4  parts  saod;    said 


id  the  grout  flushes  tc 


PAVING  BLOCKS. 

19.  The  paving  blocks  shall  be  of  the  following  dimensions: 

1  to  4H  ins.  high.  3>i  to  *'i  ins.  wide  anri  6  to  12  ins.  king,  to  be  made  of 

20.  On  tiie  foundation  of  concrete  laid  as  above  specified  shall  be  laid  a  layer 
of  coarse,  sharp  sand  \%  ins.  in  thickness. 

SI.    Upon  this  base  of  sand  the  granite  btocks  shall  be  laid  on  edge,  end  to 
end.  across  the  street  at  right  angles  to  the  curb. 

•  The  blocks  must  be  closely  and  evenly  laid  in  true  lines  and  care  must  be 
taken  to  break  the  joints  with  a  lap  of  at  least  2  ins. 

22.    Tbeae  btocks  shall  be  stilfened  by  sprinkling   pea  stone  on   the  surface 
and  sweeping  it  with  a  wire  broom. 

The  surface  of  the  pavement  shall  then  be  made  even  and  true  by  rolling 


ovCooglc 


E.\G/.\EERL\'G    WORK. 


weighing  , 
■.  the  aurfa 
n  ^b  lbs.  s 


I  shall  be  employed  ir 


2*.    After  Ihe  pBvenwnt  has  been  rolled,  the  surface  shall  be  swept  clean 

full  to  the  surface.     Said  grout  lo  be  made  of  1  part  Portland  cement  equal  in 
quality  to  the  best  American  Portland  dement  and   1  part  of  clean,  sharp  sand 

to  be  mixed  in  Hassam  grout  mixer  to  insure  Ihe  accurate  blending  of  the  ingre- 
•lients. 

JB.    The  ijrout  shall  be  iwured  on  the  paiHng  and  shall  be  brusheil  into  the 

J6.    The  blocks  !*all  be  wet  by  sprinkling  immediately  before  applying  the 

27.  The  grout  shall  be  poured  until  all  joints  are  full  and  Rushed  to  the 
lurface,  after  which  it  shall  be  broomed  with  a  street  broom  to    art    even    and 

28,  All  pavinti  shall  be  kept  without  traiGc  for  a  period  of  at  least  six  dafE 
after  completion,  if  necessary  in  the  judgment  of  the  contractor,  before  being 
opened  to  the  public  for  use. 

PETROLITHIC  PAVEMENT  SPECIFICATIONS  NO.  61 

FOR  GRADING  STREETS  (CLASS  H>  IN  THE  CITY  OP  LOS  ANGELES. 

PLANS.  ETC, 

The  work  herein  provided  for  is  to  be  done  in  accordance  with  the    plans. 

profiles  and  cross-sections  on  file  in  the  office  of  the  City  Engineer  of  the  City  of 

Los  Angeles  and  all  work  shall,  during  its  progress  and  on  its  completion,  con- 


g.  the  removal  of  all  earth,  stone,  or  all  other 
material  of  whatever  nature  it  may  be.  that  may  be  encountered  in  preparing 
the  street,  and  shall  also  include  all  trimming  and  shaping  required  to  bring  the 
surface  of  the  street  to  grade  and  cross-section.  When  mud  or  other  soft  material 
is  encountered  it  Ehsll  be  taken  out  and  the  space  filled  with  good  earth  or  gravel. 
The  contractor,  however,  will  not  be  required,  in  such  cases,  to  excavate  the  mud 
or  other  soft  material  to  a  greater  depth  than  two  feet  hetow  grade.  All  filling 
shall  be  done  with  good,  sound  earth.  The  embankments  shall  be  carried  up. 
of  full  width,  in  horizontal  layers  not  to  exceed  one  loot  each  in  thickness,  and 

each  layer,  both  going  and  coming.  The  formation  of  well-defined  ruts  is  espe- 
cially prohibited.  No  material  of  a  spongy  nature  shall  be  used  for  filling.  The 
space  over  which  fills  are  to  be  made  shall  first  be  cleared  of  all  brush  or  timber. 
The  required  grade  and  cross-eection.  after  being  thoroughly  compacted, 
of  the  surface  of  the  natural  material  o!  the  street  in  that  portion  of  the  street 
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OILING. 
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yard  of  surface  covered  shall  then  be  made,  and  the  area  shall  be  again  cultivated 
to  a  depth  of  four  inches  until  the  oil  and  the  soil  are  well  mixed.  The  roadway 
shall  then  be  plowed  four  inches  deep  with  a  plow  that  thoroughly  turns  over  the 
furrows.  It  shall  then  be  thoroughly  cultivated,  treated  to  a  third  coat  of  oil 
at  the  rate  of  one-half  gallon  per  square  yard,  again  cultivated,  and  then  re- 
crowned  with  a  good  roatl  grader  until  the  surface  substantially  conforms  to 
the  required  cross-section,     tt  shall  then  be  tamped  with  the  tamping  roller  until 

and  spread  evenly  upon  the  entire  roadbed  a  layer  two  inches  thick  of  gravel 
raked  free  from  all  stones  that  will  not  pass  through  a  ring  one  and  one-half  inches 
in  diameter. 

The  roadbed  shall  then  be  plowed  or  cultivated  so  as  to  thoroughly  mix  this 
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In  the  pmceiB  □(  c^ultiv&Iing,  the  aurface  ahall  be  Bone  over  not  le»  thin 
ten  times  after  each  of  the  first  two  up  plications  of  oil,  and  not  less  than  ten 
times  after  the  third  application,  and  in  tXi  cases  imtil  the  oil  and  soil  an  thor- 
oughly  mi  led. 

The  total  quantit/  of  oil  to  be  applied  on  the  Etm^t  shall  not  be  less  than 
three  and  one-half  |^J  gallons  net  oil  by  measuie  for  every  square  yard  of  sur- 
face covered,  and  in  all  cases  sufficient  nil  shall  be  applied  lo  thoroughly  coat 
the  material  of  tbe  Bti««t. 

For  the  purpose  of  these  spedlications  sravel  shall  be  defined  as  a  mixture 
of  »Dund  hard  atone  and  sand.  The  stone  shall  vary  in  siie  from  that  which  will 
be  rejected  by  a  screen  of  foiv  meshes  to  the  inch,  op  to  the  limit  specified  above, 
•ad  shall  contribute  at  leaat  aixty  (M))  per  cent  of  the  tote]  volume  of  the  gnvcl. 

At  all  stages  of  the  work  •ufficient  water  shall  be  applied  lo  secure  the  best 
MBuIlE  in  the  tamping,  the  amount  of  water  to  be  used  to  be  governed  by  the 
character  of  the  soil,  the  intention  being  to  make  the  soil  just  damp  enough  to 
pack  solid. 

Any  portion  of  the  street  that  can  not  be  reached  by  the  roller  shall  be  tamped 
aolid  by  hand,  under  the  direction  of  the  Board  of  Public  Works. 

The  contractor  will  be  held  responsible  for  all  damese  to  curbs,  gutters  or 
cross-walks  that  may  be  caused  by  him  in  the  performance  of  the  work. 

Should  an  excess  of  oil  reiDSin  upon  ^be  surface  after  rolling  has  been  com- 
pleted, sufficient  clean,  sharp,  coarse  sand  shall  be  spread  over  the  surface  lo 
abnrb  the  same,  and  the  surface  shall  then  be  again  rolled  until  solid. 
— 4— 
OIL 

<a)  The  oil  used  shall  be  a  natural  oil  treated  to  remove  water  or  sediment, 
or  oi«  from  which  the  volatile  material  has  been  removed  by  distillation.  It 
must  not  have  been  injured  by  over-heating. 

(6)  TEMPEBIATURE.-AU  oil  must  be  delivered  at  the  point  required  for 
sprinkling  at  a  temperature  of  not  less  than  one  hundred  and  fifty  ( 1 80)  degrees 
Fahrenheit. 

(c)  Measurement:  In  determining  the  quantity  ai  oil  delivered  the  correc- 
tion for  enpausion  by  beat  shall  be  as  follows:  From  the  measured  volume  of 
oil  received  at  any  temperature  above  sixty  (60)  dt^rees  Fahrenheit,  an  amount 
equivalent  to  four-tenths  (0.4)  of  one  (1)  per  cent  for  every  ten  (101  degrees 
Fahrenheit  shall  be  subtracted  as  the  correction  for  expansion  by  heat.  For  the 
t'urpose  of  measuring  oil  a  temperature  of  sixty  (GO)  degrees  Fahrenheit  shall 

(0    VolatiUty:    The  oil  shall  not  contain  more  than  eight  (H)  per  cent    of 

grees  Fahrenheit  and  maintained  at  that  temperature  during  fifteen  (IS)  minutes. 
it)  ASPHALT.— After  being  freed  from  water  and  sediment,  the  oil  shall 
contain  not  less  than  seventy  (TO)  per  cent  of  asphalt,  having  pt  a  temijerature 
of  seventy-seven  (77)  degrees  Fahrenheit,  a  penetration  of  eighLy  (SO)  degrees. 
District  of  Columbia  Standard.  The  percentage  of  asphalt  shall  be  determined 
by  heating  a  weighed  amount  of  said  oil  in  an  evaporating  oven  to  a  tempera- 
ture of  four  hundred  (400)  degrees  Fahrenheit  until  it  has  reached  the  proper 
consistency,  when  the  WBight  of  the  residue  shall  be  determined  RncI  the  per  cent 
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if)    Water  and  Sediment:    Deduction  ivin  be  made  toe  nater  and  Bediment 

the  ail  shall  not  conUin  over  (2)  per  cent  of  luch'Vater  and  sediment. 

ie.)    Tank  Wagons:    All  tank  wafions  used  for  the  delivery  of  this  oil  must 

sump  into  the  steel  heads  of  said  tanlis  the  capacity  in  gaJIons  of  laid  tanks, 
and  no  figure  of  capacity  will  be  accepted  other  than  the  oPSdal  rating  given  by 

(h)    All  oil  lA  be  used  shall  be  tested  by  the  Department  of  Oil  laipectioa. 

ROU.ER. 
The  tamping  roller  to  be  used  in  the  execution  of  the  «oili  herein  tpedfied 
shall  coniin  of  a  n>!!er.  the  ont«  surface  of  which  shall  be  studded  with  teeth 
not  less  than  seven  inches  long  and  having  a  surface  area  of  not  less  thui  four 
square  inchea  each,  the  roller  itself  to  be  of  luch  a  weight  that  the  load  upon  each 
tooth  shall  EK>t  be  less  than  three  hundred  pounds. 
— «— 
CULVERTS. 
Culverta  shall  be  placed  wherever  designated  on  the  pnifiles  or  plans  of  the 

and  dimensions  shown  on  the  pmiile  or  plan  and  described  in  1^  specLocatuMU 


by  the  contractor,  who  shall  perform  bis  work  in  a  manner  contrary  to  these 
specifications  shall  be  discharged  immediately,  and  such  person  shall  not  again 
be  employed  on  the  work  All  loss  or  damage  ariaing  from  any  unforseen  ob- 
struction or  difficulties  which  may  be  encountered  in  the  prosecution  of  the 
work,  or  from  any  action  of  the  elements,  or  from  any  act  or  omission  not  author- 
ized by  these  specifications,  on  the  part  o£  the  contractor  or  any  agent  or  person 
employed  by  him,  shall  be  sustained  by  lie  contractor 

the  requirements  of  these  specifications  will  be  considered  as  accepted  in  con- 
work  to  point  out  said  defects  ur  deficiency  during  construction,  and  the  con- 
tractor shall  correct  any  imperfect  work,  whenever  discovered,  before  the  final 

The  contractor  assumes  all  risk  of  variance  in  any  compulation  or  statement 
of  amounts  of  quantities  necessary  to  complete  the  work  required  by  this  con- 
tract, and  agrees  to  furnish  all  necessary  labor  and  nmariala,  and  lo  fully  com- 
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plete  Baid  woric  in  accordance  with  the  plans  and  specifications,  ■ 


faction  of  the  Boarf  of  P« 

iblic  -Works 
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■  (211  hours'  notice 

in  writing  when  he 

will  nquire  the 

•ervices  of  the  City  Engineer  for  laying  out 

any  portion  of  the 

work      He  gliall  dig  all  tta 

lary  to  give  lines  ai 

nd  levels. 

The  contrac 

tor  shall  nc 

A  disturb  any 

monuments  or  stakes  found  on  the  line 

of  the  improver 

ordered   by  tl 

le  City  Engineer  ai 

id  he  shall  bear  the 

orders. 

The  contrac' 

tor  shall  re. 

nove  at  his  ow, 

a  expense  all  obstrui 
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«sary  examination,  and  if  the  work  is  I 
ifications,  the  Board  of  Public  Works 
ificate  to  that  effect. 
Whenever  the  word  "Contractor"  is  \r. 
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r  the  woHi«  "Bo«rd  q£  Public  Woric*,"  'City  Bnglneer"  or  "De- 
partment of  Oil  laipection"  are  uied  in  then  ipecifications.  they  rsfer,  respect- 
ively, to  the  Board  of  Public  Worics.  the  City  Engiaeer,  or  the  Department  of 
Oil  loBpectioa  of  the  City  of  Los  Angeles,  or  their  authorised  agents  or  inspectOTS. 
Vhea  in  the  apeaficationa  a  maximum  and  minimum.  etUier  of  site,  per- 
centage or  thidmen.  or  relating  to  quality  or  character,  or  other  matter,  is 
allowed  or  preacribed.  the  woHt  shall  be  accepted  as  in  compliance  therewith. 
if  within  such  maximum  or  minimum  so  allowed  hereby 

kt  the  above  Bpecificatioiu  were  adopted  by  the  City  CouuciE 
ting  of  Uay  20,  1907. 

U.  J.  L.ELANDE,  Cilv  Cltrk. 
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SANITATION. 


In  many  places  of  considerable  size  fifty  dollars  per  month  is 
the  limit  of  cost  set  on  hauling  garbage  and  cleaning  streets.  Some- 
times it  is  all  that  can  be  afloriled.  Sometimes  it  is  believed  the 
people  themselves  will  do  much  to  help  themselves,  and  they  do 
in  fact  make  private  contracts  for  work  properly  belonging  to  the 
city.  The  people  who  can  afford  it  pay  for  such  service.  The 
poorer  people  who  can  not  afford  it  take  chances  of  illness  and 
debility.     The  city  permitting  it  also  takes  chances  of  pestilence. 

Smells  are  not  dangerous.  They  are  rarely,  if  ever,  a  cause 
of  illness.  They  are  simply  unpleasant  to  our  modern  sense  of 
what  is  right  and  proper. 

Insanitary  surroundings  are  not  the  awful  menace  to  health  they 
once  were  thought  to  be.  More  is  now  known  of  such  matters.  Men 
whose  business  it  is  to  clean  sewers  are  robust  in  appearance  and 
the  work  is  not  unhealthy. 

Where  the  danger  does  come  in,  is  that  people  who  live  in 
places  surrounded  by  decaying  matter  in  all  ^itages  of  putrefaction 
do  not  breathe  pure  air.  The  constant  breathing  of  this  impure 
air  lowers  their  vitality.  When  illness  comes  it  attacks  a  system 
not  calculated  to  bear  up  under  the  attack  and  the  poisoned  air  is 
all  the  sufferer  can  get  while  ill,  unless  removed.  Then  the  dirty 
place  becomes  a  menace  to  the   community. 

Wells  in  crowded  districts  are  not  dangerous  tn  themselves,  for 
generations  of  people  have  used  wells  without  harm.  The  dangers 
of  filth  comii^  long  distances  through  the  soil  have  been  over- 
rated. The  danger  in  wells  arises  from  the  fact  that  there 
may  be  fissures  in  the  earth  through  which  harmful  liquids  may 
come,  instead  of  slowly  filtering  through  the  soil  and  being  purified 
en  route.  The  bottoms  nf  cess-pools  may  often  be  at  the  level  of 
110 
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the  water  bearii^:  strata  from  which  the  neighborhood  wells  receive 
their  supply. 

While  man;  fandful  tales  have  been  told  of  the  dangers  of 
heaps  of  filth,  and  of  wells  as  a  source  of  water  supply,  the  real 
truth  is  that  they  are  simply  a  menace.  If  waste  matters  accumu- 
late until  decomposition  has  reached  an  advanced  state,  flies,  rats, 
or  some  other  pest  may  carry  some  of  the  matter  to  food  and 
infect  it  or  may  carry  it  where  it  will  he  a  poison  to  some  one  sick 
or  in  poor  enough  health  to  be  dangerously  affected. 

If  a  person  is  ill  with  an  infectious  disease,  the  wastes  and 
excreta  may  be  placed  in  cess-pools  directly  connected  with  the 
water  supply  of  a  neighborhood.    An  epidemic  is  the  result. 

The  pile  of  decaying  matter  may  dry  and  innumerable  fine, 
dust-like  particles  be  blown  by  the  wind  into  contact  with  a  person 
affected  with  a  slight  skin  complaint.  The  poison,  coming  into  con- 
tact with  an  otherwise  harmless  and  simple  affection,  may  cause 
the  disease  to  assume  a  contagious  or  infectious  form. 

Our  ancestors  lived  for  ages  in  the  midst  of  filthy  plague  spots 
and  drank  from  wells  in  the  center  of  thickly  populated  districts. 
Districts  populated  with  people  who  knew  nothing  and  cared  noth- 
ing about  cleanliness.  They  lived  through  it,  M-hen,  according  to 
advanced  sanitarians,  they  should  have  died.  ' 

Much  remains  to  be  learned  about  matter  out  of  place,  as  dirt 
has  been  defined.  We  do  know  that  perfect  cleanliness  pays  from 
the  sense  of  personal  cleanliness  it  gives,  if  for  no  Other  reason. 
A  sense  of  pride  and  right  living  go  far  toward  making  healthy 
surroundings. 

Too  much  filth  is  always  a  distinct  menace,  and  all  cities  should 
be  willing  to  go  to  considerable  expense  to  prevent  its  accumula- 
tion. The  danger'  to  cities  comes  from  the  herding  tc^ether  of 
poor  people  who  musl  live  near  their  places  of  employment.  They 
live  together  too  closely  to  get  the  full  allowance  of  pure  air 
necessary.  Their  habits  are  in  consequence  not  cleanly,  for  they 
lack  conveniences.  The  wastes  of  living  in  garbage,  excreta,  etc., 
are  enormous  in  the  aggregate,  and  unless  frequently  removed  the 
already  over-breathed  air  is  badly  polluted. 

We  are  protected  by  micro-organisms.  Organic  matter  under 
natural  conditions  is  broken  up  by  their  aid.     Roughly  speaking, 
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there  are  two  classes  of  active  health  protectors,  known  respectively 
as  aerobes  and  anerobes. 

Aerobes  take  up  oxygen  from  the  air.  When  organic  matter  is 
thrown  upon  the  surface  of  the  ground  decomposition  sets  in  readily, 
the  air  and  moisture  speedily  propagating  micro-organisms.  The 
aerobic  bacteria  seize  upon  the  organic  matter,  splitting  it  into  sim- 
pler compounds,  which  are  further  oxidized  by  the  air  left  by  the 
organisms. 

Rain  water  serves  to  renew  from  time  to  time  the  necessary 
moisture  and  carries  remaining  unoxidized  matter  into  deeper  layers, 
for  the  anerobes  to  complete  the  work  so  well  begun  by  their 
brothers  of  the  air-fed  layers. 

Anerobes  secure  oxygen  from  the  complex  organic  substances 
which  are  split  into  simpler  compounds  by  the  abstraction  of  the 
oxygen. 

It  is  believed  that  under  certain  conditions  the  two  classes  merge 
and  anerobes  may  have  been  aerobes,  changed  because  of  environ- 
ment. The  two  classes,  however,  are  necessary.  If  balanced  prop- 
erly in  numbers,  as  they  will  balance  under  proper  conditions,  heaps 
■of  filth  will  soon  be  rendered  innocuous.  If  heaps  of  filth  are  con- 
stantly added  to,  then  the  aerobes  are  interfered  with  by  a  shutting 
off  of  their  source  of  oxj^en  and  the  anerobes  alone  are  left. 
Then  we  have  smells. 

Gases  liberated  by  aerobes  at  once  oxidize  by  the  air,  in  the 
presence  of  moisture,  into  acids  which  combine  to  form  salts  with 
the  various  bases  in  (he  soil.  The  anerobic  gases  are  thrown  off 
and  give  rise  to  disagreeable  odors. 

When  garbage  and  the  wastes  of  living  are  thrown  into  thick 
heaps  on  a  dumping  ground  the  bacteria  can  only  work  on  the 
stirface.  Down  in  the  depths  they  can  not  exist  and  such  heaps 
are  a  menace  for  ages.  It  is  stated  that  matter  was  uncovered  in 
Rome  ill  spots  that  had  been  public  dumps  eighteen  centuries  before 
and  much  ilhiess   resulted. 

The  way,  therefore,  to  dispose  of  garbage  and  waste  matter  is 
to  put  it  where  it  can  be  treated  by  the  proper  scavengers  in  the 
right  way—unless  the  city  can  afford  a  crematory. 

When  garbage  is  dumped  on  land  it  is  merely  as  a  make-shift 
The  custom  is  to  place  it  on  the  ground  and  allow  hogs  to  worlc 
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over  it  or,  after  awhile,  plow  it  in,  when  it  covers  the  whole  area 
to  a  depth  of  several  inches. 

Engineering  News,  April  6,  1905,  had  an  editorial  on  the  sub- 
ject, and  the  following  facts  were  presented  in  favor  of  a  systematic 
land  disposal.  The  proposition  is  to  hury  all  garbage  on  tracts  of 
land  far  removed  from  habitations,  under  six  inches  of  earth.  By 
putting  six  inches  of  earth  over  the  garbage  a  thickness  of  nine 
inches  can  be  placed  over  the  area.  Then  an  acre  of  ground  will 
take  32,670  cubic  feet  of  garbage  or,  say,  600  tons.  If  we  take 
the  average  annual  production  of  garbage  pci  I.OOO  inhabitants  at 
75  tons,  a  city  of  25,000  inhabitanis  would  produce  1,875  tons  of 
garbage  per  annum,  which  could  all  be  disposed  of  on  a  field  a  little 
over  three  acres  in  extent,  or  a  tract  of  thirty  acres  would  last  such 
a  city  for  ten  years. 

A  knowledge  of  the  nitrifying  and  purifying  properties  of  fresh 
soil  assure  one  that  sucli  a  plan  can  be  adopted  without  offense.  It 
is  well  known  thai  even  such  highly  offensive  substances  as  spoiled 
meat  and  the  bodies  of  dead  animals,  when  buried  in  the  earth  with 
a  cover  of  only  a  few  inches  of  fresh  soil,  give  off  no  offensive 
odor  and  are  gradually  resolved  into  their  original  elements,  without 

Garbage,  however,  contains  only  a  very  small  percentage  of 
animal  refuse.  In  a  cubic  foot  of  average  garbage  from  an  American 
city,  from  70  to  80  per  cent  is  water.  When  the  water  is  removed 
it  will  be  found  that  the  bulk  of  the  remainder  is  vegetable  matter, 
rubbish  and  bones.  Of  grease  and  animal  matter  there  will  be  not 
to  exceed  5  per  cent  as  a  rule.  It  is  conceded  that  all  the  vegetable 
matter  in  garbage  will  decay  without  offense  under  a  very  slight 
cover  of  earth,  and  it  will  be  seen  that  (he  actual  quantity  of  animal 
matter  buried  in  the  soil,  even  if  we  applied  garbage  to  a  depth 
as  great  as  a  foot,  would  be  no  considerable  amount.  It  will  also 
be  evident  that  when  the  actual  composition  of  garbage  is  consid- 
ered, that  while  600  tons  to  the  acre  may  seem  like  a  large  amount 
to  apply  to  land,  it  is  so  largely  composed  of  water  and  vegetable 
matter  that  it  can  not  possibly  injure  the  land  for  agriculture  by 
over- fertilization,  especially  if  it  is  buried  under  a  depth  of  at 
least  six  inches  of  earth. 

The  present  way  of  covering  a  tract  of  land  and  then  plowing 
it  at  infrequent  intervals  can  not  be  too  strongly  condemned.    The 
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way  to  do  the  work  is  to  excavate  trenches  one  foot  deep  and  two 
lo  three  feet  wide.  Continence  with  one  at  one  side  of  the  field 
and  make  it,  say,  500  fee!  long. 

Place  the  garbage  in  this  trench  and  spread  it  to  a  thickness 
of  about  nine  inches  A  Ii'ench  of  the  size  mentioned  will  hold 
about  twenty  tons  of  garbage.  To  cover  thi";  garbage  excavate 
another  trench  alongside  and  use  the  fresh  earth. 

Engineering  News  then  figured  out  on  th  ■  above  basis  for  a 
city  of  23,000  inhabitants.  For  the  purposes  c'.  this  book'  we  will 
figure  it  in  a  different  way.  Assume  one  pound  o(  garbage  per  day 
pe.'  capita.  For  1.000  people  this  will  be  half  a  ton  This  is  an 
extreme  figure,  but  we  will  use  it. 

Assuming  that  a  trench  500  feet  long,  one  foot  deep  and  from 
twi  to  three  feet  wide,  will  hold  twent>'  tons  of  garbage,  we  will 
require  only  twenty- five  feel  of  trench  per  day  for  2,000  people. 
Thi.:  will  be  less  than  three  cubic  yards  of  earth  to  handle  As 
the  soil  on  which  such  a  plan  can  be  best  worked  is  easy  to  handle 
with  pick  and  shovel,  one  man  can  he  kept  on  the  ground  all  the 
time.  He  can  dig  the  new  trenches  and  cover  the  old  ones  and 
assist  the  teamsters  to  unload.  When  it  is  seen  that  he  is  over- 
worked another  man  can  help  him. 

Efiore  winter  sets  in  calculate  the  number  of  trenches  required 
to  hold  the  winter  garbage  and  have  them  excavated  early.  They 
need  not  be  covered,  for  the  garbage  will  freew,  but  as  warm 
weather  approaches  some  eartli  can  be  brought  in  from  a  borrow 
pit  and  an  inch  or  two  can  be  spread  over  the  trenches  until  the 
dirt  piled  alongside  has  thawed  enough  to  be  used. 

As  the  city  grows  it  will  pay  to  dig  longer  and  perhaps  nar- 
rower trenches.  Then  each  evening  a  regular  road  grader  and  ale- 
valor  can  be  drawn  down  the  side  of  the  trench  used  Ihat  day  aiid 
excavate  a  new  trench  while  covering  the  old  one.  There  are  plows 
used  in  the  Western  States  for  breaking  new  ground.  They  cut  a 
broad,  deep  furrow  in  a  cut  and  cover  style.  Such  plows  might  be 
used  to  advantage  when  the  work  becomes  so  heavy  that  manual 
labor  would  be  too  expensive. 

After  some  considerable  area  is  covered  the  earth  should  be 
harrowed  and  when  a  season  is  over  it  would  be  advisable  to  leave 
such  land  fallow  a  year.  It  might  be  harrowed  early  in  the  spring 
and  the  following  fall  plowed  and  the  next  spring  be  used  for  vege- 
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tables.  If  a  town  owned  twenty  acres  of  land  it  could  use  one  or 
tw.j  acres  per  >car  in  this  manner  and  the  land  would  be  properly 
fertilized  once  in  ten  years  or  so  with  the  garbage.  The  sludge 
from  the  sewage  disposal  plant  could  be  placed  with  the  garbage. 

The  best  way  to  get  rid  of  straw  and  manure  is  to  spread  them 
over  the  ground  in  thin  layers  to  let  moisture  do  its  work.  Occa- 
sionally, in  a  long  dry  spell,  ii  can  lie  burned.  As  the  odor  of 
burning  straw  is  ofTcnsive  when  mixed  with  stable  wastes  the  writer' 
recommended  to  one  town  the  purchase  of  hay  choppers.  The  dry 
straw  and  manure,  free  from  lumps,  were  then  chopped  up  and 
spread  over  the  ground  to  rot  and  enrich  the  soil. 

Ashes  and  tin  cans  are  not  garbage  and  should  be  separated 
from  it.  Ashes  make  food  filling  for  vacant  lots,  when  clean.  Tin 
cans  and  wires  are  a  nuisance,  and  about  the  only  thing  to  do  with 
them  IS  to  use  them  also  for  filling,  together  with  the  ashes.  They 
are  not  a  menace  to  health  at  any  rate,  but  are  unsightly  when  piled 
on  vacant  lots.  When  dumped  into  hollows  and  ravines  and  gradu- 
ally covered  with  ashes  rust  sets  in  and  they  are  not  troublesome 
in  a  few  I'ears  when  exca\'ating  ',s  done  on  the  spot.  The  writer 
recommends  ashes  in  connection  with  tin  cans  and  metal  because 
the  ashes  from  the  average  .American  home  contain  a  great  deal  of 
unbumed  coal  with  a  high  content  of  sulphur.  When  wet  this  assists 
greatly  in  rusting  and  decomposing  the  metal, 

Qarbage  should  be  collected  in  tight  cans  and  hauling  them 
through  the  streets  will  not  be  offensive.  In  Oakland,  California, 
garbage  is  put  in  metal  cans  having  tight  fitting  covers.  Each  can 
holds  ten  gallons  and  weighs,  when  filled,  about  fifty  pounds.  All 
the  cans  are  broitght  empty,  after  being  sterilized  at  the  crematory, 
to  the  back  yards  and  the  full  can  is  put  in  a  specially  constructed 
wagon  and  takei)  to  the  crematory.  The  great  thing  in  favor  of 
such  a  method  is  that  the  cans  are  regularly  and  thoroughly  cleaned, 
the  covers  are  never  removed  until  the  can  reaches  the  place  of 
final  disposal,  there  is  no  leaky,  bad  smelling  wagon  traveling 
through  the  streets,  and  the  wagon  used  is  specially  made  tor  the 
worfe,*  so  there  is  no  rattling  of  the  cans. 

The  use  of  ground  for  garbage  disposal  will  hardly  be  consid- 
ered after  the  town  has  become  a  large  city,  for  the  hauling  of 
garbage   long   distances    is   expensive.      The   best   method,   when   it 
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can  be   afforded  is   lo   install   a   first-class   crematory   and  bum   all 
garbage  and  uastc  organic  matter.     It  is  the  only  sanitary  way 

In  England,  where  the  character  of  the  refuse  is  somewiiat 
different  from  American  refuse,  a  great  many  plants  for  burninir 
refuse  are  combined  with  power  plants  to  raise  steam.  The  cost  ot 
burning  garbage  is  thus  reduced,  as  some  of  the  expense  can  prop- 
erly he  charged  lo  the  fuel  account  of  the  power  plant.  The  cost  of  the 
power  plant  is  also  reduced,  as  the  garbage  has  a  distinct  fuel  value, 
although  slight.  Analyses  of  American  garbage  and  refuse  seem  to 
indicate  that  few  of  our  citie9  can  do  much  along  this  line.  There- 
fore, little  has  been  attempted  in  the  production  of  power  from  the 
incineration  ot  garbage.  It  may  pay  in  very  large  cities,  but  in 
small  places  it  is  doubtful. 

Waring  gave  Ihe  percentages  of  different  substances  in  garbage 
as  follows: 

Rubbish    7  per  cent. 

Water    71       " 

Grease    2       " 

Tankage    20       " 

100  percent. 

The  tankage  amounted  to  SO  per  cent  or,  say,  400  pounds  in 
one  ton.  It  yielded,  upon  treatment,  13  pounds  of  ammonia,  13 
pounds  of  phosphoric  acid  and  3  pounds  of  potash.  All  of  the 
grease  was  merchantable,  so  that  while  there  was  ten  times  as 
much  tankage  as  grease,  it  only  yielded,  after  expensive  treatment, 
29  pounds  of  acids.  A  table  given  in  the  same  book  shows  the 
garbage  to  vary  in  different  cite-i  from  one-quarter  to  nine-tenths 
of  a  pound  per  capita  daily. 

The  idea  of  reducing  garbage  is  dying  hard.  Some  years  ago 
it  was  all  the  rage,  but  today  little  is  heard  of  it.  There  may  be 
money  in  reducing  garbage.  We  all  know  there  is  gold  In  sea  water. 
The  right  kind  of  process  must  be  efficient  and  cheap  to  get  gold  out 
of  garbage  or  out  of  sea  water.  The  largest  item  of  cost  in  the 
disposal  of  garbage  is  the  haul,  which  varies  from  25  to  75  centi 
per  ton  mile. 

For  reduction  only  certain  kinds  of  garbage  are  worth  conisid- 
ering.  As  they  occupy  a  small  percentage  of  the  hulk,  it  means 
hauling  one  hundred  pounds  of  material  to  pick  over  and  sort  and 
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Ihen  run  through  an  expensive  process  (o  obtain  at  the  eiiU  iwo 
pounds  of  grease  and  not  quite  three  pounds  of  different  a-rids.  No 
reduction  works  in  America  have  paid  without  a  subsidy  of  aome 
sort  and  none  can  pay  in  a  city  of  less  than  two  hundred  thousand 
people.  Garbage  contains  more  water  and  less  grease  in  summer 
than  it  does  in  winter.  It  changes  in  composition  from  day  to  day, 
so  a  reduction  plant  must  be  located  in  a  large  place,  where  a  cer- 
tain amount  of  the  fight  kind  of  garbage  can  be  depended  on. 

Garbage  is  sometimes  picked  over  even  at  incinerating  plants, 
but  no  man  can  afford  to  pay  pickers.  They  must  do  it  themselves, 
like  rag  pickers  in  the  alleys.  Tn  New  York  City  a  contractor  did  it, 
but   this   book   is    not    written   for   phiccs   approaching    New    York 

There  are  many  garbage  burners  in  the  market  thai  can  be 
placed  in  the  chimneys  of  ordinary  kitchen  stoves.  The  hot  air 
going  up  the  pipe  carbonizes  the  garbage  without  odor  and  the 
refuse  can  then  be  burned  in  the  tire  box  of  the  stove. 

A  proper  system  for  a  small  town  should  make  it  compulsory 
on  every  householder  to  provide  himself  with  one  of  these  carbon- 
izers  or  with  a  tight  garbage  can  in  the  back  yard.  Beside  the  garb- 
age can  should  be  one  for  ashes,  rags,  paper,  etc.  There  should  be 
heavy  fines  for  mixing  the  contents  of  the  two  cans,  or  barrels. 

Ashes  should  be  hauled  away  at  least  once  each  week.  Garbage 
should  be  hauled  away  at  least  twice  each  week  in  cold  weather 
and  once  each  day  in  summer. 

The  garbage  should  be  taken  to  a  lot  and  buried  as  already 
described  or  taken  to  a  garbage  incinerator  and  utterly  destroyed. 
There  are  many  fairly  good  devices  in  the  market,  but  a  city  needs 
expert  advice  on  the  subject  before  investing,  owing  to  the  number 
of  poor  furnaces  now  advertised. 

Streets  and  alleys  should  be  kept  clean.  Paper  and  rags  are 
not  only  unsightly,  but  they  are  a  dangerous  fire  risk.  Horse  drop- 
pings should  be  taken  care  of  also,  especially  on  streets  paved  with 
impervious   material. 

Street  sweeping  pavs  and  so  does  frequent  street  sprinkling. 
It  is  bad  to  have  poison-laden  dust  blown  into  eyes  or  nostrils. 
Dust  is  bad,  also  for  store  keepers. 

In  a  small  place,  the  best  a  council  can  do  often  is  to  provide 
the  land  for  the  dump  and  m?n  to  look  after  it     Have  a  scavenger 
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whose  business  it  wOl  be  to  look  after  papers,  etc.,  on  the  itreett 
and  then  advertise  each  year  for  bids  for  carrying  the  garbage  from 
the  houses  to  the  dump.  Pass  an  ordinance  fixing  the  maximum 
rate  to  be  charged  householders  for  taking  away  their  garbage  and 
grant  the  exclusive  privilege  to  the  man  who  will  do  it  for  the 
lowest  price,  and  pay  the  city  5  per  cent  of  the  gross  receipts  for  the 
privilege.  This  will  insure  the  citizens  getting  good  service  and  they 
can  not  be  overcharged.  Such  work  should  be  under  the  control  of 
the  Board  of  Health. 

As  soon  as  there  are  paved  streets  the  street  cleaning  depart- 
ment should  be  enlarged.  The  one  man  and  cart,  with  a  spear  to 
pick  rags  and  papers,  will  develop  into  a  corps  of  "white  wings. ' 
constantly  in  evidence.  Constant  cleaning  is  better  than  a  sweeping 
once  a  night  or  once  a  week.  The  cost  of  cleaning  paved  streets 
varies  from  12.5  to  20  cents  per  10,000  square  feet. 

The  greatest  expense  in  street  cleaning,  as  in  garbage  disposal, 
is  the  haulage.  It  is  good  policy,  therefore,  to  bear  this  in  mind 
in  designing  sewers  for  a  combined  sewer  system,  or  when  design- 
ii^  storm  water  drains.  The  sweepings  from  the  paved  streets  can 
often  go  directly  into  the  sewers  when  they  have  a  constant  flow  of 
a  certain  depth.     This  matter,  however,  is  discussed  in  the  follow' 

A  definition  of  terms  loosely  used  by  laymen  seems  necessary. 
Garbage  consists  of  solid,  organic  household  wastes  and  the  organic 
wastes  of  livii^;  non-putrefactive  matter  and  street  sweepings  being 
termed  refuse.  Sewage  consists  of  liquid  household  wastes  and  con- 
tained excreta. 


Every  city  official  interested  in  sanitary  betterment  should  pro- 
cure copies  of  the  following  works  of  Wm,  Paul  Gerhard,  C.  E. : 

Recent  Practice  in  the  Sanitary  Drainage  of  Buildings,  No.  93, 
Van  Nostrand'a  Science  Series.     Price,  50  cents. 

House  Drainage  and  Sanitary  Plumbing,  price  SO  cents,  being 
No.  63  of  Van  Nostrand's  Science  Series. 

The  Disposal  of  Household  Wastes,  price  50  cents,  being  No.  VI 
in  Van  Nostrand's  Science  Series. 

In  No.  63  the  following  suggestions  for  a  Sanitary  Code 
appear. 
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1.  It  shall  be  considered  unlawful  to  erect,  or  cause  to  be 
erected,  a  new  building  upon  any  site  which  has  been  filled  up  with 
house  refuse  or  any  kind  of  animal  or  vegetable  matter,  unless 
such  matter  shall  have  been  properly  removed  frran  »uch  site. 

2.  It  shall  be  considered  unlawful  hereafter  to  erect,  or  cause 
to  be  erected,  any  new  buildings  or  structures  of  any  kind  upon 
any  damp  or  wet  site,  unless  such  site  shall  have  been  effectually 
drained  by  means  of  suitable,  properly  laid  earthenware  tile  pipes, 

3.  It  shall  be  considered  unlawful  to  lay  such  drain  pipes  in 
such  a  manner  as  to  communicate  directly  with  any  drain  carrying 
foul  sewage,  or  with  a  sewer  or  cesspool. 

4.  The  drainage  of  the  subsoil  of  buildings  shall  confonn  to 
the  following  regulations  and  requirements : 

a.  The  subsoil  drains  shall  be  laid,  if  possible,  at  a  depth  of 
not  less  than  two  feet  below  the  cellar  floor. 

b.  They  shall  be  laid  with  open  joints,  protected  against 
entrance  of  dtrt  or  vermin  by  collars  of  clay  or  by  paper  or  muslin 
wrapping. 

c.  They  shall  be  laid  on  a  true  grade,  with  perfect  alignment 
and  with  a  continuous  fall  toward  the  outfall. 

d.  The  outfall  shall  be  either  directly  into  the  open  air  or 
into  a  ditch  or  road  gutter. 

Mr.  Gerhard  hai  the  following  note:  If  cooncctilHi  miut  necusarilr 
be  made  with  a  lewer.  amngemrnts  aball  be  nude  for  perfect  diiconnection, 

by   Buitablc  irrtingeDienu,   approved   b/   the   itiq>ector. 

The  writer  changed  somewhat  the  wording  of  paragraph  i 
above.    Section  S,  following,  has  been  changed  also  by  the  writer. 

5.  It  is  recommended  that  all  cellar  floors  be  made  of  con- 
crete, not  less  than  six  inches  thick,  and  that  when  the  building  is 
in  3  damp  location  that  the  concrete  shall  have  incorporated  in  it 
a  waterproofing  medium  or  shall  be  treated  otherwise  with  some 
waterproof  compound.  The  cellar  may  be  made  tight  by  putting 
over  the  whole  floor  surface,  before  laying  the  concrete,  a  thidk- 
nes!  of  felt  or  tarred  paper  mopped  with  hot  asphalt  or  hot  tar  or 
with  some  compound  of  each,  and  upon  that  a  second  layer  also 
mopped  with  the  same  material. 

It  is  recommended  that  every  wall  of  new  buildings  be  pro- 
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vided  with  a  dampproof  course  of  primer  malerial,  placed  above 
the  level  of  the  ground,  and  also  that  the  walls,  to  the  height  of 
the  damp  course,  be  treated  with  a  waterproof  compound  or  have 
incorporated  in  them  waterproof  materia!,  or  that  on  the  outside 
of  the  wall,  against  the  earth,  there  he  placed  several  thicknesses 
of  felt  or  tarred  paper  mopped  as  provided  for  floors. 

It  is  recommended  to  whitewash  the  cellar  walls  of  all  build- 
ings at  least  twice  a  year. 

fl.  Buildings  without  basement  or  cellar  shall  be  placed  «i 
brick  or  stone  piers  or  posts,  and  the  floor  of  the  first  story  shall 
be  raised  so  as  to  be  at  least  two  feet  above  the  surface  of  the 
ground.  There  shall  be  a  free  circulation  of  air  underneath  -the 
floor,  and  between  it  and  the  surface  of  the  ground. 

BETWEEN    HOltSE    DRAINS    AND    STREET 


1.  It  shall  be  considered  unlawful  to  connect,  or  cause  to  be 
connected,  any  private  drain  with  a  street  sewer  without  first  obtain- 
ing a  permit  from  the  proper  authorities. 

2.  It  shall  be  considered  unlawful  hereafter  to  construct  any 
drain  for  any  building  and  to  construct  the  same  to  any  street 
sewer,  unless  the  drain  shall  in  its  plan  and  construction  conform 
to  the  following  requirements : 

a.  Each  building  shall  have  a  separate  connection  with   the 

b.  Wherever  junction  pieces  have  been  built  into  the  sewer, 
they  must  be  used  for  making  said  connection,  unless  special  per- 
mission is  obtained  to  cut  the  sewer. 

c.  No  pipe,  or  other  materials  for  drains,  shall  be  used  until 
they  have  been  examined  and  approved  by  the  authorities,  or  their 
duly  appointed  superintendent  or  inspector.  No  house  drain  to 
be  larger  than  five  inches  inside  diameter,  except  by  special  per- 
mission. 

d.  No  street  shall  be  opened  until  the  junclion  piece  in  the 
sewer  has  been  located  by  the  superintendent. 

e.  If  no  junction  pieces  are  built  into  the 
shall  be  made  by  inserting  into  a  brick  sewer  ( 
McC)   a  junction  pipe  of  proper  size,  and  cut  slant  to  an  angle 
of  forty-five  degrees  by  the  manufacturer.     Great   care  must  be 
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taken  not  to  injure  the  sewer,  and  all  rubbish  shall  be  carefully 
removed  from  its  inside, 

1  In  connecting  a  house  drain  with  a  pipe  sewer,  a  Y  junction 
(if  none  can  be  found— McC.)  must  be  inserted  in  the  line  of  the 
sewer,  and  the  main  sewer  left  in  good  condition. 

g.  In  all  cases  the  trench  must  be  Opened  to  the  point  of  con- 
nection without  tunnelling,  so  as  to  allow  of  an  easy  inspectiop. 

NoTi— The  ibove  ii  an  important  proviiioD  it  iny  thought  i»  taken  IhU 
emcDt  injuring  the  (treet  mtfaee.  Thoi^ht 
1  Kgird  bang  had  for  tai;  inipcction. — McC. 

b.  In  opening  any  street  or  public  way,  all  materials  shall  be 
placed  where  they  will  cause  the  least  inconvenience  to  the  public, 
and  the  whole  enclosed  with  sufHcient  barriers,  and  properly  lighted 
at  night  from  the  beginning  to  the  end  of  the  work. 

i.  The  least  inclination  of  the  house  drain  shall  be  1  in  60, 
unless  a  written  permit  is  obtained  to  lay  a  house  drain  to  a  lesser 
grade. 

k.  When  the  course  of  the  house  drain  is  not  the  same  as  that 
of  the  junction  piece,  it  must  be  connected  therewith  by  a  curve  of 
not  less  than  ten  feet  radius.  All  changes  of  direction  to  be  made 
with  curved  pipe,  and  in  no  case  must  a  pipe  be  clipped. 

1.  Every  joint  shall  be  laid  with  gasket  and  cement,  and  bedded 
in  hydraulic  xeraent  at  least  four  inches  in  depth. 

m.  The  ends  of  all  pipes  not  to  be  immediately  connected  shall 
be  securely  closed,  water  tight,  and  guarded  against  entrance  of 
earth,  with  imperishable  materials.  The  inside  of  every  drain,  after 
it  is  laid,  must  be  left  smooth  and  perfectly  clean  throughout  its 
entire  length,  and  true  in  line  and  grade. 

n.  The  back-filling  over  drains,  after  they  are  laid,  shall  be 
puddled  or  rammed,  all  water  and  gas  pipes  protected  from  injury 
or  settling,  and  the  surface  of  the  street  made  good  within  forty- 
eight  hours  after  the  completion  of  that  part  of  the  drain  lying 
within  the  public  way. 

o.  No  privy  vault  or  cesspool  shall  be  connected  with  the 
house  drain  or  sewer. 

A  PROPOSED  PLUMBING  ORDINANCE, 

The  following  ordinance  is  in  use  in  several  places : 

An  Ordinance  to  regulate  the  plumbing  and  drainage  of  build- 
ings in  the of  
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The  Common  Council  of does  ordain  as  followi : 

Section  i.  That  all  the  work  of  installing  new  plumbing  and 
drainage    work    in    buildings    erected,    or    to    be    erected,    in    the 

and  repairs  and  additions  to,  and  alterations  of 

the  plumbing  and  drainage  of  all  buildings  in  said  city,  shall  be 
done  in  accordance  with  the  provisions  of  this  ordinance,  and  of 

Ordinance  No ,  known  as  The  Building  Code. 

Sec.  2.  All  connections  of  plumbing  and  drainage  of  build- 
ings with  the  public  sewers  shall  be  made  in  acordance  with  the 

provisions  of  this  ordinance  and  Ordinance  No.  ,  known  as  the 

Drainlaying  Ordinance. 

BOVSE  UtAINS. 

Sec.  3.  House  drains  shall  be  of  first  quality,  salt  glared 
vitrified  fire  clay,  with  perfectly  smooth  interior  and  exterior  sur- 
face, except  for  three  inches  at  the  joint  ends,  inside  the  socket  and 
outside  where  the  pipe  fits  into  the  socket.  The  pipe  shall  have 
what  are  known  as  extra  wide  and  deep  socket;'. 

House  drains  of  tile  shall  terminate  live  feet  from  the  building 
tine  and  from  that  point  (o  the  inside  of  the  house  shall  be  of 
first  quality  cast  or  wrought  iron  pipe.  Where  said  pipe  cornea  in 
contact  with  the  earth  it  shall  be  coated  with  some  approved 
process  or  rustless  coating. 

The  joints  of  tile  drain  pipes  shall  be  filled  with  cement  mortar 
with  one  inch  of  cement  dipped,  hemp  gasket  driven  in  and  the 
joints  of  iron  pipes  shall  be  well  caulked  with  lead  and  made  air 
and  water  tight. 

The  house  drain  shall  not  be  laid  below  the  cellar  floor,  except 
where  absolutely  necessary,  and  in  this  case  it  shall  be  laid  in  a 
trench  and  shall  be  surrounded  with  concrete.  The  trench  shall  be 
filled  and  closed  after  the  drain  is  thoroughly  inspected  and  pro- 
nounced tight. 

All  connections  in  horizontal  pipes  to  be  made  with  Y  branches. 

VENTILATION. 

Sec.  4.  (a)  When  connections  are  made  to  old  and  improperly 
constructed  or  foul  street  sewers,  or  to  cesspools  or  vaults,  the 
house  drain  shall  be  trapped,  near  the  point  where  it  leaves  the 
building,  by  a  running  or  half  S  trap,  which  shall  not  be  larger 
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in  diameter  than  the  house  drain.  This  trap  shall  be  placed  in  an 
accessible  position,  protected  against  freezing,  and  must  l>e  pro- 
vided with  an  inspection  hole,  and  a  tightly  closing  cover. 

(b)  There  shall  be  a  fresh  air  inlet  pipe,  entering  the  house 
drain  just  inside  the  main  trap,  of  a  diameter  not-  less  than  four 
inches,  and  opening  at  any  convenient  place  out  of  doors,  approved 
by  the  inspector ;  provided,  however,  that  when  the  said  trap  is 
not  required  the  fresh  air  inlet  shall  be  omitted. 

(c)  When  connection  is  made  to  well  constructed  sewers, 
having  a  self-cleansing  flow  and  adequately  ventilated,  the  above 
trap  shall  be  omitted  and  the  plumbing  so  arranged  that  in  every 
house  connected  with  such  a  sewer  there  shall  be  an  uninterrupted 
flow  of  air  passing  from  the  sewer  up  the  house  drain  and  soil 
pipe  and  out  at  the  roof. 

(d)  All  soil  and  waste  pipes  shall  be  run  in  as  straight  a 
manner  as  possible  up  to  and  at  least  five  feet  above  the  main  house 
root.  Soil  pipes  to  be  enlarged  to  six  inches  and  waste  pipes  to 
four  inches  above  the  roof.  The  upper  terminus  shall  not  be 
located  within  hve  feet  of  a  window,  ventilating  shaft  or  chimney 
flue.  The  outlet  above  the  roof  shall  not  be  capped  by  either  a 
return  bend,  ventilating  cap.  or  movable  ventilator. 

(e)  Extensions  of  soil  or  waste  pipes  shall  not  be  constructed 
of  sheet  metal  or  earthanware,  and  no  soil,  waste  or  vent  pipe  shall 
stop  in  any  brick  or  earthen  chimney  flue,  serving  as  a  ventilator. 


Sec.  S.  (a)  No  soil  pipe  shall  be  larger  than  four  inches,  and 
no  waste  pipe  larger  than  two  inches  inside  diameter  (their  ex- 
tensions above  the  roof  excepted). 

(b)     Waste  pipes  for  fixtures  to  be  in  si^e  as  follows : 

Inches  inside  diameter. 

Wash   bowls    \}i—l'A 

Bath   tubs    1 V4— 3 

Pantry  sinks   i  'A—l'A 

Kitchen  sinks 1  'A—i 

laundry  tubs    i  'A — 2 

Slop  sinks    3 — 3 

Urinals   l!4— a 

Row  of  basins,  tubs  or  urinals   2 — 3 
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No  deviation  from  these  sizes  permilted  unless  specially  author- 
iaed  by  the  Inspector  of  Plumbing, 

(c)  All  soil  and  waste  pipes  shall  be  kept  outside  of  walls  or 
partitions,  and  the  system  arranged  in  such  a  manner  that  it  may 
at  all  times  be  readily  examined  and  repaired, 

(d)  Every  fixture  in  the  house  shall-  be  separately  and  effectu- 
ally trapped  by  a  seal  retaining  trap  placed  close  to  the  fixture,  and 
arranged  so  as  to  lie  safe  against  back  pressure,  self  siphonage,  loss 
of  seal  by  evaporation  or  siphonage. 

(e)  Wherever  vent  pipes  are  used,  the  branch  vent  pipes 
for  water  closet  traps  should  be  not  less  than  two  inches  in  diam- 
eter. All  other  traps  to  have  vents  the  same  area  as  the  trap.  The 
size  of.  the  main  vertical  lines  oi  vent  pipes  will  depend  upon  the 
height  of  the  building  and  should  also  increase  with  the  number  of 
branches  which  they  receive. 

Where  back  air  pipes  are  carried  through  the  roof,  they  must 
be  enlarged  to  four  inches,  to  prevent  clogging  in  winter  time.  All 
horizontal  air  pipes  must  be  so  graded  as  to  discharge  the  water 
from  condensation  into  a  trap  or  waste  pipe.  T-branches  on  upright 
vent  lines  must  always  be  set  at  such  a  height  above  floor  that  the 
branch  vent  can  not  act  as  an  overflow  pipe  in  case  the  waste 
should  be  stopped  up. 

<[)  \'o  branch  waste  pipe  for  tubs,  sinks  or  basins  to  be 
larger  than  one   and  one-half  inch  diameter. 

(g)  Connections  of  lead  pipes  with  iron  hub  pipes  shall  in  all 
cases  be  made  with  heavy  brass  ferrules  properly  soldered  to  the. 
lead  and  well  caulked  to  the  iron  pipe. 

(h)  All  joints  between  lead  pipes,  whether  for  supply  or  waste 
pipes,  to  be  wiped  soldered  joints ;  cup  joints  not  to  be  made  any- 

Joints  between  lead  pipes  and  brass  fittings  to  be  wiped  solder 
joints ;  joints  between  lead  pipes  and  brass  couplings  may  be  cup 

(i)  Vertical  iron  pipes  shall  be  as  follows:  Not  to  exceed 
two  stories  in  any  building  can  have  standard  iron  pipe;  not  to 
exceed  three  stories  shall  have  heavy  iron  pipe ;  below,  the  pipe 
shall  be  extra  heavy. 

(j)  All  rain  water  conductors  which  are  carried  up  within  the 
walU  of  a  building  shall  be  of  iron  pipe.     Connections  with  such 
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rain  water  pipes  along  their  vertical  course,  for  the  discharge  o( 
sewage  or  waste  water  therein,  will  not  be  permitted.  Rain  water 
conductors  shall  be  trapped  if  they  open  at  the  top  near  windows, 
ventilating  shafts  or  flues. 

CENERAI,    PROVISIONS. 

Sec.  6.  (a)  Every  water  closet  shall  be  adequately  flashed 
with  water  from  a  special  flushing  cistern  arrarged  directly  above 
it,  except  that  where  a  cistern  is  liable  to  freeze  other  methods  may 
be  permitted,  provided  that  thorough  and  sufficient  flushing  is 
secured.  Every  water  closet  apartment  shall  have  direct  means  of 
ventilation  into  the  open  air.  Pan  closets  shall  not  be  permitted 
in  any  building.  The  outlets  for  single  water  closets  shall  not  be 
larger  than  three  inches  in  diameter. 

(b)  No  opening  shall  be  provided  in  the  house  drain  for  the 
purpose  of  receiving  the  surface  drainage  of  the  cellar,  unless 
special  permission  is  previously  obtained  and   the  directions   fol- 

(c)  It  shall  be  unlawful  to  throw  or  deposit,  or  cause  or 
permit  to  be  thrown  or  deposited,  in  any  vessel  or  reeeptable  con- 
nected with  a  public  sewer,  any  garbage,  hair,  ashes,  fruit  or  vegeta- 
bles, peelings,  or  kitchen  refuse  of  any  kind,  rags,  cotton,  cinders, 
or  any  other  matter  or  thing  whatsoever,  except  faeces,  urine,  the 
necessary  closet  paper,  and  liquid  house  slops. 

(d)  Waste  pipes  from  refrigerators  or  other  receptacles  in 
which  provisions  are  stored,  shall  not  be  directly  connected  with  a 
drain,  soil  pipe  or  other  waste  or  sewer  pipes,  but  shall  be  made  to 
discharge  over  an  open  tray,  provided  with  a  waste  pipe  and  seal- 
retaining  trap. 

(e)  Drip  pipes   from  safes,  under  any  kind  of  plumbing  fix- 
tures, must  not  have  any  connection  with  any  soil,  waste,  or  drain  - 
pipe. 

(f)  Overflow  pipes  from  water  tanks  shall  not  be  connected 
lo  any  soil,  waste,  or  drain  pipe. 

(g)  No  steam  exhaust  shall  be  directly  connected  with  any 
soil  or  waste  pipe  or  drain  communicating  with  a  street  sewer, 

(h)  An  approved  form  of  grease  trap  must  be  placed  on  every 
sewer  connection  leading  from  dwellings,  hotels,  restaurants  and 
buildings  in  which  a  sink  is  located.    For  one  sink  the  grease  trap 
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shall  be  not  less  ihan  viglitten  inches  in  diameter  and  it  shall  be 
increased  proportionately  to  the  number  and  size  of  sinks.  The 
minimum  dimension  for  a  restaurant  or  hotel  shall  be  thirty-six 
inches  in  diameter.  Ihe  grease  trap  may  be  constructed  of  vitri- 
fied ironstone  tile  pipe  wiih  a.  six-inch  Y  attached  and  so  set  that 
the  Y  will  point  upward  and  be  connected  to  the  main  drain  by 
means  of  a  manufactured  curved  pipe  (chipping  of  pipes  to  make  a 
bend  is  prohibited)  in  such  a  manner  that  a  trap  will  be  formed. 
The  depth  below  the  boilora  of  the  outlet  hole  shal!  be  equal  to  the 
diameter  of  the  grease  trap  basin.  The  inlet  shall  enter  the  grease 
trap  basin  above  the  level  of  the  top  of  the  outlet  and  shall  ter- 
minate in  a  right  angle  bend  two  inches  below  the  curve  forming 
the  trap  in  such  a  manner  that  there  shall  be  at  least  two  inches 
seal.  Across  ihe  middle  of  the  basin  shall  be  a  thin  iron  plate,  Ihe 
bottom  of  which  shall  be  six  inches  below  the  bottom  of  the  inlet 
and  the  top  of  which  shall  be  two  inches  higher  than  the  bottom 
of  the  inlet.  This  plate  shall  be  between  the  inlet  and  outlet  open- 
ings. The  grease  trap  may  be  covered  with  wood  or  any  other 
material  and  shall  have  the  grease  skimmed  oti  every  day.  The 
basin  shall  be  cleaned  as  often  as  directed  by  the  Inspector  of 
Plumbing,  but  not  less  than  once  in  se\'en  days. 

(i)  When  the  grease  is  unusually  plentiful  from  any  kiicben 
the  Inspector  of  Plumbing  can  order  placed,  at  the  expense  of  the 
owner  of  the  buildirg.  a  grease  strainer,  of  approved  design,  in 
addition  to  the  grease  trap.  This  strainer  to  be  cleaned  whenever 
directed,  !)Ut  not  less  than  once  in  seven  days. 

(i)  Livery  stables  and  barns  with  floors  for  cleaning  vehicles, 
etc.,  shall  Le  provided  with  sand  boxes  of  approved  pattern  and 
ssme  must  be  kept  in  efficient  working  condition. 

(k)  Before  granting  a  permit  to  install  tlie  plumbing  work 
ill  any  building  the  Inspector  of  Plumbing  shall  carefuHy  examine 
the  plans.  He  shall  cut  out  all  superfluous  pipes  and  see  that  the 
arrangements  are  as  simple  as  possible,  consistent  with  the  best 
practice.  He  shall  prepare,  or  procure  from  competent  authorities, 
drawings  illustrating  all  the  standard  connections  and  arrangements 
pemitted  and  keep  same  on  file  in  his  office  for  the  inspection  of 
the  public.  Copies  of  said  drawings  shall  be  furnished  at  the 
actual  cost  of  reproducing  to  all  registered  plumbers  upon  request. 

(1)    All  materials  used  shall  be  of  first  quality  and  the  In- 
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spector  of  Plumbing  is  authorized  to  make  sucli  tesEs  as  be  sees 
proper  in  order  to  determine  the  quality  of  the  said  materials. 

(m)  Before  the  fixtures  arc  placed  in  connection  with  the 
pipe  system,  and  before  the  soil  pipe  and  iron  house  drain  are  con- 
nected with  the  outside  drain,  the  outlet  of  the  bouse  drain  and  of 
all  its  branches  shall  be  closed  tight  and  the  pipe  filled  with  water 
to  its  top,  and  every  joint  shall  be  carefully  examined  for  leakage, 
and  all  joints  shall  be  securely  closed  before  connections  are  made 
with  said  pipe  system.  The  water  test  shall  lie  applied  before  the 
pipes  are  built  in  or  covered  if  there  are  any  places  where  they 
require  to  be  hidden.  The  water  shall  remain  in  the  piping  system 
for  at  least  twelve  hours. 

Sec.  T.  The  plumber  shall  give  the  Inspector  of  Plumbing  at 
least  twenty-four  hours'  notice  when  he  is  ready  to  test  the  piping 
system.  It  shall  be  the  duty  of  the  Inspector  of  Plumbing  to  see 
that  the  pipes  are  filled  with  water  within  that  time  or  forfeit  to  the 
plumber  five  dollars  for  each  and  every  twenty-four  hours'  delay 
beyond  that  time. 

(The  rest  of  the  sections  of  this  ordinance  can  be  filled  in  to 
suit  local  conditions.  They  should  fix  the  officers,  the  fees,  the 
penalties,  etc.) 

The  writer  believes  a  provision  like  the  following  should  appear 
in  every  sanitary  code  or  in  every  plumbing  ordinance ; 

Section  — .  Whenever  a  public  sewer  is  laid  past  a  house  it 
shall  be  unlawful  to  maintain  any  cesspool  or  privy  vault  for  more 
than  sixty  days  thereafter  within  Iwo  hundred  feet  of  said  sewer. 
Such  cesspools  and  privy  vaults  shall  be  cleaned  out  and  refilled 
with  dean  earth  and  the  building  shall  have  sanitary  closets  and 
sinks  installed  and  connections  shall  be  made  with  the  said  sewer. 
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DRAINAGE  AND  SEWERAGE. 

DRAINAGE, 

A  distinction  is  made  ty  engineers  Ix^tween  drainage  and 
Mwerage. 

Drainage  applies  solely  to  the  disposal  of  surface  and  sub-soil 
water.  That  is,  to  water  which  can  be  put  in  any  stream  without 
danger  of  polluting  it. 

Sewerage,  having  to  do  with  liquid  wastes,  containing 
putrefactive  matter  and  matter  containing  germs  and  micro-organ- 
isms harmful  to  the  human  system,  .has  to  be  considered  apart  from 
drainage. 

In  the  majority  of  cases  the  drainage  of  a  town  offers  few  diffi- 
culties. The  whole  practice  is  simple.  Keep  the  water  on  the 
surface  as  long  as  possible  in  easily  controlled  channels  and  dispose 
of  it  in  the  most  convenient  stream  or  river.  It  is  only  harmful  ' 
when  allowed  to  collect  in  low  lying  places,  where  it  will  become 
stagnant  and  provide  a  breeding  place  for  harmful  insects  and  germs. 

The  first  step  in  drainage  is  to  provide  broad,  deep  gutters  along 
the  sides  of  streets,  before  or  after  grades  have  been  established. 
Before  the  grades  are  established  the  gutters  are  merely  ditches. 
After  the  grade  has  been  established  the  gutters  can  be  made  o( 
stone,  as  described  in  a  previous  chapter,  or  of  brick  ar  other  mate- 
rial that  will  not  wa^h  readily. 

On  steep  hill  side  streets,  where  an  earth"  ditch  would  wash 
badly,  and  on  streets  where  a  great  deal  of  excavation  must  be  done 
before  a  gutter  can  be  made  on  the  official  grade,  temporary  wooden 
V  flumes  are  used  Sometimes  wooden  flumes  with  rectangular 
cross  sections  are  used  where  a  V  flume  would  be  too  small.  Great 
care  has  to  be  exercised  in  making  the  joints  in  wooden  gutters. 
Underneath  there  should  be  laid  a  piece  of  wood  for  each  section 
to  be  nailed  to.  On  each  side  there  should  be  a  post  driven  deep 
into  the  ground,  spiked  to  the  flume. 
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Across  from  post  to  post,  underneath  the  flume,  should  be  K 
board  about  six  inches  wide,  and  on  each  post  there  should  be  a 
piece  one  foot  wide,  projecting  like  a  wii%.  The  space  should  be 
filled  with  fine  gravel  or  broken  stone,  tamped  hard.  If  water 
then  follows  the  ground  alongside  the  flume  it  will  be  turned  into  it 
wherever  such  obstructions  are  met.  The  flume  boxes  should  be 
not  more  than  sixteen  feet  long.    Ten  feet  makes  the  best  length. 

When  surface  water  is  taken  underground  it  is  a  source  of 
expense  and  causes  trouble  whenever  the  conduit  is  choked.  There- 
fore, keep  it  as  long  as  possible  on  the  surface  and  arrange  the 
drainage  system  so  the  streams  will  be  divided  at  every  street  inter- 
section and  sent  in  different  directions  to  guard  against  too  great 
an  increase  in  flow  and  consequent  difficulty  in  handling. 

Kluch  of  the  rain-fall  is  absorbed  as  it  falls.  As  a  town  becomes 
more  closely  built  over  and  the  area  of  paved  streets  increases,  a 
less  quantity  of  water  is  absorbed  and  proper  underground  condtiils 
must  be  provided  for  drainage.  When  the  town  becomes  a  city  then 
a  portion  of  the  sewerage  systeni  will  have,  to  be  of  large  sewers, 
sufficient  in  size  to  take  care  of  surface  and  fubsoil  water,  in 
addition  to  the  sewage.    This  is  discussed  in  the  next  clapter. 

The  slope  of  the  streets  and  ihe  crown  placed  on  ihem  form 
part  of  the  drainage  system  of  every  town.  In  carrying  the  water 
across  the  streets  it  must  go  underground.  It  is  not  good  to  have  a 
gutter  continue  across  a  street  intersection  with  a  bridge  over  it,  or 
a  culvert  only  tifteen  or  sixteen  feet  long  under  the  roadway.  It 
is  not  nice  looking,  nor  convenient  or  healthful. 

In  some  textrbooks  on  roads  and  mimicipal  work  the  authors 
condemn  the  practice  of  having  a  small  catch  basin  at  the  end  of 
a  block  with  a  pipe  across  underneath  the  intersecting  street  The 
writer,  however,  has  built  them  that  way  and  found  no  objection 
to  their  use.  Sometimes  nothing  else  can  be  done.  In  irrigated 
sections,  where  small  ditches  flow  in  the  gutterways,  it  is  the  only 
way  water  can  be  carried  across  a  street 

In  such  cases,  the  benefit  of  a  sidling  street  is  great.  A  dif- 
ference of  one  foot  in  elevation  between  curbs  is  seldom  noticeable 
without  an  instrumental  determination,  while  it  does  permit  of 
easy  drainage. 

The  depth  the  pipe  is  placed  below  the  surface  depends  upon  the 
material.    There  should  be  not  less  than  one  foot  of  sand  on  top; 
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therefore,  such  a  conduit  is  best  placed  under  a  cross-walk.  If  in 
a  climate  where  the  temperature  varies  in  wide  limits,  the  conduit 
should  be  of  iron  or  reinforced  concrete.  Otherwise,  of  double 
strength  vitrified  pipe. 

At  the  higher  end  put  a  small  catch  basin  in  the  gutter.  The 
bottom  should  be  about  two  feet  below  the  bottom  of  the  pipe  and 
there  should  be  a  metal  bucket  fitted  inside  so  it  will  permit  of 
easy  cleaning.  The  pipe  should  run  across  the  street  and  at  the 
lower  end  be  turned  up  into  the  gutter  at  an  angle  instead  of  termi- 
nating in  a  vertical  well.  The  end  can  come  up  under  the  cross- 
walk, over  the  gutter. 

The  well  at  the  upper  end  should  have  a  grating  over  it.  As 
horizontal  openings  are  easily  clogged  with  paper,  rags  and  leaves, 
the  grating  should  have  vertical  openings.  The  writer  has  often 
placed  the  wells  under  the  cross-walk  and  put  the  grating  at  an 
angle  of  forty-five  degrees  over  the  end  of  the  well,  leaning  against 
the  top  of  the  walk.  When  the  water  rises  it  has  a  tendency  to 
,   lift  obstructions  and  flow  underneath  into  the  well. 

When  combined  sewers  are  used  to  carry  both  storm  water  and 
sewage,  catch  basins  are  a  necessity  on  all  streets.  Rather,  inlets 
are  necessary;  for  there  is  a  diRerence. 

On  street!  that  are  not  paved,  or  are  simply  improved  with 
some  material  that  wears  and  furnishes  silt  and  dirt  to  go  into 
the  sewers,  the  inlets  must  be  of  a  form  that  will  allow  the  storm 
water  to  enter  the  sewer  and  will  leave  the  dirt  in  a  basin,  to  be 
cleaned  out  after  a  storm. 

An  inlet  may  therefore  be  simply  an  opening  into  a  pipe  that 
conducts  the  water  to  an  underground  conduit  or  it  may  be  a  part 
of  a  silt  well  or  catch  basin. 

Silt  wells  and  catch  basins  are  fine  in  theory.  Practically,  they 
are  too  often  a  delusion  and  a  snare.  If  cleane^  after  every  storm 
they  are  proper  adjuncts  to  a  sewer  system.  It  left  without  clean- 
ing, as  is  too  often  the  case,  they  are  a  nuisance  and  a  danger. 
The  writer  knows  of  cities  where  thousands  of  catch  basins  have 
not  been  cleaned  in  twenty  years.  Some  places  the  statement  is 
made  that  the  average  time  between  cleanings  is  three  years.  He 
is,  therefore,  strongly  of  the  opinion  tl:ai  whtn  a  street  is  paved 
with  wood,  brick,  stone,  asphalt  or  biliiliibic  material,  catch  basins 
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should  be  abolished  and  a  simple  inlet  provided,  with  a  running  trap 
ct  the  lower  etid,  the  inlet  pipes  to  terminate  in  manholes. 

The  writer  has  raised  storms  of  protest  in  places  where  he  has 
advocated  this.  His  only  answer  has  been  to  refer  the  objectors 
to  the  street  or  sewer  cleaning  departments  for  figures.  It  has  been 
found  that  in  the  majority  of  cities  little  attention  is  paid  to  thor- 
ough cleaning  of  silt  wells  and  catch  basins  because  of  the  great 
experse  involved.  The  most  that  is  done  is  to  poke  an  opening 
under  the  trap  when  the  basin  is  obstructed  during  a  storm. 

The  usual  form  of  basin  is  a  square  or  circular  well  of  brick 
or  concrete  with  a  pipe  leaving  it  near  the  top.  A  brick  or  cpncretc 
wall,  or  metal  plate,  as  a  partition  across  the  well  at  the  top,  the 
bottom  of  the  partittcm  being  a  few  inches  lower  than  the  bottom 
of  the  pipe,  forms  a  trap. 

The  dirt  is  washed  into  the  basin  with  the  water  and  is  .sup- 
posed to  remain  in  the  bottom  while  the  water  goes  under  the  trap 
wall,  through  the  pipe  into  the  sewer.  When  the  cleaning  of  the 
catch  basin  or  silt  well  is  omitted,  or  ,%  an  infrequent  occurrence, 
the  dirt  from  only  the  first  storm  is  retained  in  the  basin.  The  dirt 
in  after  storms  goes  to  the  sewers. 

If  the  sewers  are  designed  with  a  minimum  flow  of  three  feet 
per  second  they  will  carry  the  material  to  the  point  of  disposal.  If 
it  has  to  be  dredged  and  taken  away  from  time  to  time,  dredging  is 
cheaper  than  shoveling  into  wagons  and  hauling  away. 

A  simple  inlet  therefore  on  streets  having  good  impervious 
pavements,  with  a  running  trap  near  the  sewer,  serves  all  the 
purposes  of  an  efficient  inlet. 

The  writer  is  anxious  to  collect  all  the  information  he  can 
on  this  subject  of  catch  basin  and  silt  well  cleaning  and  will 
appreciate  al!  data  sent  him.  Readers  will  please  bear  this  in 
mind  when  annual  reports  are  issued.  If  an.v  reader  cares  to  investi- 
gate conditions  in  his  own  town  and  report  to  the  writer,  siicli 
kindness  will  be  gratefully  acknowledged. 

Before  leaving  this  subject  the  writer  wishes  to  add  that  such 
practice  is  only  advisable  where  the  sewers  permit  the  material  to 
be  carried  readily  to  the  point  of  disposal.  They  must  have  suf- 
ficient grade  to  always  have  a  self- clean  sing  flow  and  must  be  in 
good  condition.  The  practice  of  having  the  street  refuse  go  directly 
into  the  sewers  should  not  be  allowed  where  it  is  possible  to  clean 
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the  streets  by  some  cheap  method  and  where  catch  basins  can  be 
kept  clean  at  low  cost.  If  the  sewers  are  properly  designed  for 
such  work  it  will  'be  found  that  the  cost  of  keeping  them  clean 
will  be  less  than  the  extra  cost  of  cleaning  streets  and  catch  basins 
with  shovels  and  teams. 

Slit  wells,  where  used,  should  always  have  a  metal  bucket  a  few 
inthes  in  diameter  smaller  than  the  well.  Lying  on  the  top  rim  there 
shotild  be  a  cone  shaped  ring  having  the  largest  diameter  a  trifle 
smaller  than  the  well  and  the  smallest  end  a  trifle  smaller  than  the 
diameter  of  the  top  of  the  bucket.  This  will  prevent  material  fall- 
ing between  the  bucket  and  the  sides  of  the  well  to  bind  it  in 
place.  When  the  ring  is  lifted  ihe  bucket  can  easily  be  hoisted  and 
emptied  into  a  wagon.  The  bottom  of  ihe  well  can  then  be  cleaned 
and  the  bucket  and  ring  replaced. 
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Many  forms  of  inlet  covers  are  on  the  market  and  it  will 
seldom  pay  an  engineer  to  get  up  plans  for  a  local  foundry,  for  the 
manufactured  article  can  be  shipped  anywhere  the  freight  rales  are 
not  excessive.  Where  the  freight  rates  make  it  costly  to  buy  from 
factories  the  engineer  can  design  inlet  covers  for  the  local  foundry 
to  make. 
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It  is  usual  to  place  the  inlet  on  the  curve  of  the  curb  half 
way  between  the  cross  walks.  This  means  carrying  the  gutter 
around  the  corner  and  makes  a  depression  for  wheels  to  settle 
into  when  a  vehicle  is  rounding  ihe  corner. 

The  writer  prefers  to  have  a  vertical  inlet  grating  at  each 
cross  walk  and  a  pipe  following  the  curb  to  a  point  half  way 
between  the  cross  walks.  At  this  point  the  two  pipes  can  meet  in 
a  well  having  an  iron  grating  cover.  From  this  well  an  outlet 
pipe  can  ran  to  the  manhole  in  the  center  of  the  street  intersection. 
Even  if  a  silt  well  is  not  located  here  it  is  a  good  idea  to  have  a 
chamber  admitting  of  easy  inspection  and  with  the  bottom  shaped 
to  permit  of  a  proper  junction  of  flow. 

With  such  an  arrangement  at  street  inlersectii»is  all  cross  walks 
can  go  over  the  gutters  on  a  le^'cl  with  the  curb  and  the  gutter 
around  the  corners  need  be  only  three  or  four  inches  high,  simply 
enough  to  assist  in  guiding  a  wheel  if  a  vehicle  comes  too  close. 
Such  a  street  intersection  looks  well  if  the  curbs  are  joined  on  a 
circle  af  large  radius. 

Wood  is  a  material  often  u^^d  for  lirst  temporary  underground 
drains.  Wooden  boixes  should  be  square  and  set 'on  edge,  making 
a  diamond -shaped  conduit  This  is  a  good  form  that  will  jlways 
have  a  self -cleansing  flow. 

The  use  of  wood  is  justified  when  the  town  needs  the  drains 
badly  and  is  short  of  funds.  It  is  justified  when  it  is  impossible 
to  predict  the  direction  or  extent  of  future  growth  of  populatior 
in  a  fown  likely  to  be  subject  to  period.s  of  boom  growth,  and  the 
direction  and  location  of  main  drains  may  be  subject  to  change 
Wood  should  not  be  used  when  sewage  is  carried.  Neither  should 
it  be  used  when  a  pipe  twelve  inches  or  less  in  diametei  will  do 
the  work. 

Vitrified  pipes  are  most  commonly  used.  When  put  less  than 
five  feet  in  the  ground  they  should  be  of  double  strength.  Pipes 
up  to  three  feet  in  diameter  can  be  obtained  from  almost  all  manu- 
facturers. They  are  smoother  and  have  greater  capacity  than  brick 
sewers  of  equal  diameter. 

Brick  is  generally  cheaper  than  vitrified  pipes  in  all  diameters 
exceeding  thirty  inches.  Ordinary  house  brick  should  not  be  used, 
however.  Use  only  vitrified  or  clinker  brick  for  the  lower  half 
and  3  good  hard  brick  for  the  upper  half.     The  thickness  of  brick 
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sewers  up  to  three  feet  in  diameter  may  generaily  be  one  ring  oi 
brick  (4f^  inches),  although  some  engineers  use  two  rings  for 
all  sewers  over  two  feet  in  diameter.  From  three  to  six  feet,  twn 
rings  generally  suffice.  Three  rings,  up  to  eight  feet.  Four  rings, 
up  to  ten  feet,  and  generally  one  additional  ring  for  each  nine 
inches  or   less   increase  in  diameter. 

Concrete  was  once  used  for  sewers  and  drains,  but  fell  into  dis- 
favor. Within  the  past  five  years  it  has  come  again  to  the  front — 
liii-  li'ne  to  stay.  More  is  known  ot  concrete  today  and  better  work 
IS  done  with  better  materials  than  was  the  case  thirty  years  ago. 
Concrete  sewers  tuilt  in  place  are  not  so  good  as  those  built  on  the 
b?iik  and  lowered  iino  place  when  thoroughly  seasoned.  The 
interior  of  a  concrete  sewer  is  theoretically  smoother  than  the 
interior  of  a  brick  sewer,  liut  if  constructed  in  place  with  removable 
forms  it  is  not  always  possible  to  get  good  workmanship.  Con- 
tractors do  not  like  to  build  them,  for  it  is  a  gamble  moving  the 

The  writer  prefers  for  concrete  sewers  to  have  them  built  on 
the  bank  and  placed  in  position  in  sections  after  thorough  curing 
or  to  build  the  lower  half  of  well  cured  blocks  and  the  upp^r  half 
on  forms.  The  forms  should  be  left  in  place  a  long  lime  and  con- 
siderable filling  should  lie  in  place  a  few  days  before  the  forms  are 
removed.  In  this  respect  brick  sewers  have  an  advantage,  for  the 
forms  can  be  removed  almost  immediately  after  the  last  brick  is  in 
place  and   settling   is   taken   care   of   in   the  joints. 

Brick  sewers,  however,  are  inferior  to  properly  constructed 
concrete  sewers  in  other  respects  and  the  bricklayers'  unions  are 
becoming  so  bard  to  deal  with  that  the  writer  believes  brick  sewers 
are  apt  to  almost  disappear  in  a  few  years. 

^An  empirical  rule  for  the  thickness  of  concrete  sewers  is  to 
make  the  minimum  thickness  five  niches  wfien  no  steel  reinforce- 
ment is  used  and  four  inches  when  it  is  used.  For  sewers  not  rein- 
forced the  thickness  should  be  in  inches  equal  to  the  diameter  in 
feet,  plus  one  inch.  For  reinforced  sewers  the  thickness  should  be 
in  inches  equal  to  the  diameter  in  feet,  minus  half  an  inch,  due 
regard  being  paid  to  the  minimum  thickness  above  mentioned. 
The  reinforcement  around  the  pipe  should  be  equal  in  area  to  on; 
per  cent  of  the  area  of  the  concrete,  taking  a  longitudinal  sectin:i. 
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The  longitudinal  reinforcement  should  be  one-third  of  one  per  cent 
of  the  area  o£  the  ring  or  cross  section.  However,  for  larger 
sewers  careful  calculations  should  be  made. 

When  the  word  sewers  is  used  drains  of  course  are  tmderstood 
for  the  foT^oiog  matter  relates  to  both. 


SEWERAGE. 

Sewerage  generally  waits  until  water  supply  has  been  attended 
to.  Modem  sewerage  systems  contemplate  water  carriage  of  wastes 
itnd  if  the  town  has  no  public  water  supply  sewers  are  not  needed. 
Drains  are  all  the  people  need. 

The  subject  of  sewerage  can,  however,  be  as  well  taken  up  after 
drainage  as  to  wait  until  water  supply  is  discussed. 

At  the  time  the  plan  for  surface  drainage  is  prepared,  plans  for 
a  sewer  system  should  likewise  be  adopted.  It  should  not  be  a 
matter  of  haphazard  growth,  but  should  be  gone  at  properly.  Be- 
cause a  complete  plan  is  prepared  it  does  not  mean  it  will  all  be 
constructed  at  one  time,  but  simply  that  as  sewers  are  put  in  they 
will  be  of  the  right  size  and  put  in  the  right  place.  In  a  growii^ 
place  the  work  is  never  complete,  hut  sewer  building  is  going  on 
aU  the  time.  Plans  prepared  must  take  this  into  consideration. 
Laterals  can  generally  be  planned  of  the  right  size,  but  the  mains 
will  be  rebuilt  or  replaced  by  larger  ones  as  the  city  grows.  Having 
complete  plans  in  advance  fixes  the  lines  of  the  main  drainage  and 
insures  economy.  As  the  grades  on  streets  govern  location  of 
drains  as  well  as  sewers,,  a  complete  plan  at  the  beginning  of 
things  shows  where  it  will  be  possible  to  keep  surface  water  and 
sewerage  separate  and  where  it' will. be  best  to  combine  them. 

It  has  unfortunately  happened  many  times  that  for  lack  of 
proper  attention  to  this  matter  of  getting  plans  early  many  private 
sewers  have  been  built  by  well-to-do  people.  When  a  proper  plan 
is  at  last  prepared  it  has  been  found  impossible  to  use  these  sewers 
in  a  general  system  and  expensive  lawsuits  and  vexatious  delays 
resulted. 

Vested  interests  always  cause  trouble.  If  a  good  plan  for  sewer- 
agl  and  drainage  had  been  prepared  early  enough  the  private  sewers 
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could  have  been  constructed  in  a  manner  and  in  locations  satis- 
factory to  the  council,  and  when  a  public  system  was  installed  they 
could  have  been  purchased  and  thus  been  a  benefit  instead  of  a  draw- 
back when  the  city  got  around  to  that  part  of  the  work. 

The  tenn  "sanitary  sewers"  is  applied  to  small  pipe  systems 
designeil  to  carry  off  household  wastes  alone,  without  surface  or  sub- 
soil water.  Such  a  system  is  also  known  as  the  "separate"  system 
of  sewerage.  It  is  the  only  system  to  use  in  very  small  places 
and  can  in  fact  be  kept  apart  from  a  storm  water  system  until  a 
city  is  quite  large. 

An  ideal  method  of  sewering  and  draining  cities  is  to  have 
two  distinct  systems,  one  for  sewerage  and  one  for  drainage.  This 
is  costly,  however,  when  a  certain  limit  in  sizes  of  mains  is  reached, 
so  when  a  point  is  reached  in  the  devolpment  of  a  city  requiring 
the  drainage  water  to  be  taken  underground  the  combined  system 
should  be  installed. 

By  keeping  the  surface  water  in  gutters  for  as  long  a  time  as 
possible,  a  distinct  saving  in  sewer  constniction  is  effected.  By 
having  two  entirely  separate  syslems  many  expedients  can  be 
adopted  to  save  cost.  Storm  water  sewers  are  large  and  are  only 
needed  when  a  storm  comes.  They  can,  therefore,  be  placed  at 
shallow  depths.  The  writer  installed  one  system  by  making  shallow 
semi-circular  conduits  inside  the  curb  line  and  sidewalks  were 
built  over  them.  At  regular  intervals  gratings  placed  in  the  curbs 
admitted  water  to  the  storm  sewers. 

A  small  place  contemplating  the  building  of  a  combined  system 
at  the  start  may  go  without  sewers  for  many  years,  for  large 
sewers  cost  money. 

In  planning  sewers  for  a  sanitary  system  it  is  necessary  to  have 
the  pipes  lai^e  enough  to  flow  half  or  three-quarters  full  with  a 
velocity,  of  about  two  and  one-half  to  three  f<et  per  second.  They 
will  then  keep  themselves  clean.  If  built  of  too  large  a  size  to 
carry  a  flow  of  constant  depth  at  the  proper  velocity  the  sediment 
in  the  sewage  will  be  gradually  deposited,  until  the  sewer  is  choked. 
A  small  channel  is  left  at  the  top,  sufficient  in  size  to  carry  the 
constant  flow  and  no  more.  If  this  sewer  is  intended  to  carry  storm 
water  it  will  be  found  to  be  choked  with  decaying  matter  and 
refuse  when,  the  storm  comes  and  the  street  is  flooded  until  the 
lewer  is  cleaned. 
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In  addition  to  the  choking  up  of  the  drain  and  thus  renderinc 
it  unfit  for  its  purpose  as  a  stoim  drain,  the  continual  deposit 
of  excremctitious  matter  is  a  menace  to  health.  The  large  empty 
spaces  invite  accumulations  of  noxious  gas,  and  odors,  annoying  in 
every  way,  get  ou(  into  the  open  air.  It  is  commonly  believed 
that  a  sewer  can  not  be  too  large,  but  more  trouble  is  caused  by 
sewers  too  large  than  by  those  barely  lai^e  enough  which  occa- 
sionally prove  too  sniall  in  time  of  big  storms.  A  small  sewer  is 
annoying  once  in  a  while  and  occasionally  causes  damage  to 
property  by  reason  of  its  inability  to  carry  off  a  large  rush  of  water 
in  a  short  time.  A  sewer  too  large  is  always  dangerotu,  not  alone 
lo  the  pocketbook  but  to  health. 

When  sewers  become  choked  it  is  usual  to  flush  them  with 
a  hose  attached  to  the  nearest  hydrant.  Take  a  15-inch  pipe  as  an 
example.  Disregarding  decimals,  the  area  is  177  square  inches.  The 
area  of  a  stream  of  water  from  a  2^i-inch  hose  is  5  inches.  For 
flushing  purposes  it  is  useless.  If  there  are  no  flush  tanks  on  the 
line  a  wagon  is  sometimes  used.  Such  a  wagon  usually  has  a 
tank  containing  from  six  hundred  to  one  thousand  gallons  of  water 
and  with  a  twelve  or  fifteen  inch  opening  at  the  bottom  with  a 
flap  cover.  This  wagon  is  driven  over  a  convenient  manhole  and 
the  flap  opened.  The  water  goes  in  with  a  rush  and  such  flushing 
is  really  efficient  for  some  distance. 

The  minimum  grade  has  already  been  referred  to  as  one 
sufficient  to  produce  a  velocity  of  from  two  and  one-half  to  three 
feet  per  second.  A  lighter '  grade  will  produce  such  a  sluggish 
flow  that  solid  matters  can  not  be  moved  and  so  remain  to  clog 
the  pipe.  Too  steep  a  grade  produces  so  rapid  a  flow  that  solid 
matters  often  are  stranded. because  the  flow  is  not  deep  enough  to 
float  them.  Either  extreme  is  bad.  A  maximum  velocity  should 
be  about  eight  feet.  When  the  grade  of  the  street  is  such  that 
a  greater  velocity  will  be  obtained  the  sewer  should  be  run  on  a 
grade  to  secure  not  more  than  five  feet  per  second  and  when  it 
gets  too  near  the  surface  drop  a  manhole  to  a  greater  depth 
and  start  another  section  of  sewer  from  the  bottom  of  it  This 
stepping  of  the  sewer  down  hill  can  be  accompalished  by  vertical 
drops  in  manholes  or  by  the  use  of  tumbling  chambers,  where  the 
sewage  falls  over  a  flight  of  stone  or  concrete  steps. 

In  the  separate  system  small  pipes   must  be   used  and   it  often 
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happens  that  a  three  or  four  inch  pipe  would  be  amply  sufficient  for 
the  work.  Such  small  pipe^.  however,  choke  too  easily  and  are 
difficult  to  clean.  Therefore,  the  smallest  size  should  be  six  inches. 
The  writer  has  found  from  experience  that  it  is  unwise  to  make  any 
line  of  six  inch  sewer  more  than  six  hundred  feet  long.  The  late 
Colonel  Waring  was  an  extreme  advocate  of  six-inch  pipes  and 
has  left  his  impress  upon  the  minds  of  many  text  book  compilers. 
His  real  argument  was  economy.  The  difference  in  cost  between 
■  six  and  eight  inch  pipe  is  small  and  the  cost  of  excavation,  laying 
and  backlilling  in  each  case  is  the  same.  For  the  slight  difference, 
the  eight  inch  pipe  is  preferable. 

Until  the  population  has  grown  sufficiently  to  keep  a  constant 
cleansing  flow  in  the  pipes  a  flush  tank  is  a  necessity  in  some 
localities.  Flush  lanks  are  generally  considered  a  necessity  in 
separate  systems. 

A  flush  tank  should  be  capable  of  discharging  from  60  to  300 
(gallons  of  water  in  less  than  one  minute  into  a  sewer  and  should 
be  adjusted  to  discharge  at  least  once  each  day.  There  are  many 
patterns  on  the  market.  In  general  their  advantages  may  be  summed 
up  as  follows;  The  sudden  discharge  of  a  large  volume  of  water 
into  a  small  pipe  momentarily  compresses  the  air  in  front  and 
forces  it  out  at  every  opening. 

This  creates  a  temporary  vacuum  which  is  filled  with  fresher 
air  from  the  outside  and  thus  simplifies  the  question  of  ventilation. 
The  frequent  volumes  of  cool  water  thrown  in,  together  with  the 
consequent  changing  of  th"  air  tends  to  keep  the  temperature  of 
the  sewer  at  a  safe  point.  Disease  germs  can  not  multiply  to  any 
extent  in  a  temperature  less  than  sixty  degrees  Fahrenheit,  and 
the  ordinary  temperature  ot  a  sewer  seldom  tails  below  sixty 
degrees.  Flush  tanks,  therefore,  serve  a  useful  purpose  by  cooling 
the  sewers  to  some  degree  and  by  making  a  steady  temperature 
impossible. 

Articles  occasionally  become  stranded  in  a  sewer  and  the  sudden 
discharge  of  water  m  large  quantities  into  the  pipe  starts  them 
to  movmg  This  tendency  of  sewers  to  fill  up  until  they  obtained 
a  cleansing  flow  was  the  primary  reason  for  the  adoption  of  flush 
tanks.  The  other  benefits  were  noticed  after  they  were  in  common 
use.      In    all    sanitary    sewers    having   a    slow    velocity    ot   flow    a 
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confervoid  growth  attaches  itself  t<i  the  sides  just  below  the  line  of 
constant  flow.    The  flush  tank  helps  loosen  this  growth  also. 


£^y  Shape  Stwer. 


/J  sffong  form  of 
COndtfif'/n  ^m/iere/  use.. 

/nsp&cf/on  ho/»s  —a/so 
ca//ecf  Lamp  ^/es  ~  are  a/so 
occasiorto/fy  ssft/t  a  s/oitf>Vm 
a    r  msf^ai/  cf  a  T. 


,F/^.Q     /nspeo//o/7  Ho/e.. 


'  In  a  sanitary,  or  separate  system,  manholes  arc  placed  at  the 
end  of  each  block  and  at  Ihe  junctions  of  sewers  and  at  changes 
in  grade.  They  are  thus  frequently  six  or  seven  hundred  feet 
r.part.  Inspection  holes  are  often  placed  between  manholes.  They 
arc  simply  pipes  terminating  a  foot  or  so  below  the  surface  and 
arranged  so  they  can  be  opened  to  inspect  the  sewer  if  a  stoppage 
occurs.  Sometimes  the  inspection  holes  are  placed  at  an  angle  for 
the  easy   introduction   of  a   rod  for  cleaning.     As   sanitary   sewers 
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are  not  intended  to  carry  silt  or  heavy  solids  a  saving  can  be 
made  in  manholes.  No  catch  basins,  inlets  or  sitt  wells  are  needed 
on  the  streets.  Occasionally  roof  water  is  admitted  to  them  with 
the  idea,  of  giving  them  a  thorough  cleansing  in  time  of  storm.  The 
introduction  of  rain  water  should  be  carefully  regulated,  however, 
or  the  sewer  system  may  he  taxed  to  do  its  work. 

A  surface  drainage  system  rcQiiires  manholes  and  so  does  a 
combined  system  at  frequent  intervals.  Where  the  grade  of  a 
street  is  less  than  3  per  cent  (three  feet  in  one  hundred  feet)  man- 
holes should  be  placed  about  one  hundred  and  fifty  feet  apart  On 
a  five  per  cent  grade  they  can  be  five  hundred  feet  apart.  For  ease 
and  convenience  of  cleaning,  however,  they  should  never  be  more  ' 
than  three  hundred  feet  apart  on  sewers  more  than  twelve  inches 
in  diameter. 

In  putting  down  a  sewer  system  attention  should  be  paid  to 
depth.  For  a  residence  district  the  depth  should  be  such  that 
cellars  can  be  readily  drained.  Therefore,  in  making  a  survey 
it  is  well  to  take  elevations  on  the  floors  of  all  houses  and  measure 
the  depth  of  the  cellar.  The  sewer  should  be  deep  enough  to  allow 
a  drop  of  one  foot  in  one  hundred  feet  from  the  bottom  of  the 
cellar  to  the  top  of  the  sewer.  When  profiles  are  made  of  streets 
the  profile  of  the  bottoms  of  cellars  should  be  marked  also.  It  will 
generally  be  sufficient  to  allow  a  depth  of  seven  feet  below  the 
street  grade  for  the  tops  of  sewers  in  residence  districts  and  a 
depth  of  at  least  ten  feet  in  business  districts.  A,  depth  of  twelve 
feet  is  better  in  a  business  district.  Sometimes  in  fiat  sections  there 
is  a  discussion  as  to  whether  to  put  in  a  long  sewer  on  a  slight 
grade  or  construct  several  outlets  with  many  short  mains  and  short 
laterals.  Such  matters  had  better  be  left  to  the  engineer  who  plans 
the  system,  presuming,  of  course,  that  he  has  been  selected  for  his 
proven  ability  in  such  work.  Baumeister  says :  'In  general,  the 
question  of  a  system  of  eomjilicated  sewers  is  not  solved  by  laying 
a  number  of  equally  important  lines,  but  by  leadii^g  the  drains  to  a 
common  center.  It  is  cheaper  to  build  a  single  system  of  nj- 
capacity  than  »  systems  of  *■  capacity." 

In  the  separate  as  well  as  in  the  combined  system  all  sewers 
should  summit  al  manholes  in  order  to  provide  ventilation.  If  a 
dead  end  can  not  be  avoided  it  is  a  good  plan  to  have  a  manhole 
or  inspection  hole  there  with  a  perforated  cover.     Underneath  the 
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cover  a  pan  should  \k  suspended  to  catch  dirt  and  dast.  Sometimes 
an  iron  pipe  connects  the  end  of  the  sewer  with  a  leader  up  the 
side  of  a  house  to  get  a  high  altitude  in  order  that  the  warm  sewer 
air  in  a»eending  will  create  a  current  throughout  the  system. 

Today  in  many  states  the  laws  forbid  the  pollution  of  streams 
with  raw  sewage.  This  calls  for  some  prelitninary  treatment  and 
as  it  coets  money  and  the  filter  beds,  etc.,  occupy  considerable 
area  it  is  advisable  to  reduce  the  amount  of  sewage  to  a  minimum. 
This  is  another  argument  in  favor  of  the  .separate  system. 

However,  the  liquids  can  sometimes  be  separated  satisfactorily 
and  therefore  it  is  not  necessary  to  run  two  systems  side  by  side 
r  fter  the  constant  flow  of  sewage  15  large  enough  lo  half  (ill  a 
twelve-inch  pipe.  An  egg-shaped  sewer  can  be  built  with  a  section 
small  enough  at  the  bottom  to  carry  the  constant  flow  of  sewage  and 
the  top  afford  space  for  the  rush  of  stonn  water.  The  egg-sHaped 
sewer  should  be  laid  at  a  grade  which  will  give  the  smaller  section 
a  cleansing  velocity  when  flowing  six  inche?  deep.  This  gives  also 
a  sewer  that  a  man  can  enter  to  clean  when  necessary.  THe  limit 
on  siie  of  an  egg-shaped  sewer  may  be  said  to  be  about  ien  feet 
in  height  After  a  sewer  of  greater  capacity  is  required  the  circular 
section  can  be  resumed  or  the  hori^eshoe  section  adopted. 

At  a  point  where  it  is  desired  to  separate  the  sewage  from  the 
storm  water  a  separator  can  be  placed  and  the  storm  water  taken 
In  the  usual  place  of  disposal  while  the  sewage  goes  to  the  treatment 
works.  Such  a  separating  chamber  provides  for  taking  care  of  all 
the  water  flowing  to  a  certain  depth  in  a  sanitary  sewer  When 
it  exceeds  this  depth  the  surplus  flows  away  in  the  storm  sewer. 
The  matter  is  generally  arranged  by  providing  for  a  certain  amount 
of  dilution  of  the  sewage.  This  may  be  taken  at  from  three  to 
four.  That  is,  when  the  volume  flowing  in  the  sewer  exceeds  the 
ordinary  flow  three  or  four  times  the  excess  can  be  taken  away  in  an 
overflow. 

Sewers  should  be  so  laid  that  the  bottoms  of  house  connections 
enter  at  the  middle  of  the  sewer.  This  permits  a  flow  of  half  the 
depth,  without  eddies  that  would  otherwise  be  caused  by  the  side 
pipes.  In  connecting  t\io  sewers  of  different  diameter  it  is  custo- 
mary to  have  the  lops  inside  at  the  same  elevation.  This  prevents 
deposits  in  the  smaller  sewer  when  the  larger  sewer  is  flowing 
deep.    All  junctions  of  sewers  should  be  made  in  manholes  and  the 
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bottoms  should  be  shaped  to  the  bottoms  of  the  sewers  and  witli 
curves  having  a  radius  equal  to  about  twice  the  diameter  of  the  en- 
tering pipe.     House  connections  should  always  be  made  by  "wyes" 

attached  to  the  pipes  at  an  angle.  No  connections  at  right  angles 
should  be  permitted.    An  inspecior  for  the  city  should  inspect  every 

Sewers  need  cleaning  at  intervals  even  when  equipped  with 
flush  tanks.  The  cleaning  should  be  done  in  the  fall  before  winter 
rains  and  snows  commence  and "  in  the  early  spring  before  the 
April  rains.  Some  lines  will  he  found  always  clean  so  they  can 
be  omitted.  Sewers  large  enough  for  a  man  to  enter  are  cleaned 
with  scrapers  and  shovels,  the  material  being  taken  up  the  manholes 
in  buckets  and  put  in  wagons  to  carry  away.  Sometimes  they  are 
"hydrau licked"  by  pushing  a  hose  through  while  it  is  flowing  under 
heavy  pressure  from  a  hydrant  or  fire  engine.  The  process  of  clean- 
ing a  system  should  commence  at  the  lower  end  and  proceed  toward 
the  last  lateral.  Then  the  system  should  be  gone  over  againi 
This  time  commencing  at  thejop  and  working  down  to  clear  out  all 
accumulations. 

Small  pipe  sewers  are  sometimes  cleaned  by  putting  in  a  wooilen 
ball  having  a  diameter  a  little  less  than  that  of  the  pipe.  .  This 
ball  floats  until  it  meets  an  obstruction  when  it  is  stopped  and  the 
water  dammed  up  until  enough  accumulates  to  force  the  obstruction 
on  or  wash  it  out. 

Sometimes  a  scraping  is  necessary  in  pipe  sewers,  especially 
when  there  is  a  heavy  eonfervoid  growth.  A  small  wooden  float, 
weighted  so  it  will  remain  an  inch  or  so  beneath  the  surface  is 
attached  to  a  string  and  dropped  down  an  inspection  hole  or  man- 
hole. It  floats  to  the  one  below  where  an  attendant  catches  it 
and  then  a  small  rope  is  tied  to  the  string  and  hauled  through,  A 
heavier  rope  is  attached  to  this  and  when  the  man  at  the  lower  end 
has  one  end  of  the  rope  the  scraper  is  attached  to  the  other  end 
and  dragged  through.  A  string  is  tied  to  the  end  of  the  scraper 
so  the  rope  can  be  again  hauled  through  without  having  to  work 
the  float  a  second  time.    The  scraper  should  go  through  twice. 

The  writer  has  used  as  a  scraper  a  heavy  chain  several  feet 
long.  The  first  three  or  four  feet  has  steel  wire  twisted  in  e^ch 
link  until  it  resembles  a  bottle  cleaning  brush.  The  long  part  of  the 
diain  dragging  behind  loosens  silt  in  the  bottom.     By  hauling  the 


0.  Google 


DRAISAGF.  A\D  SElVERACll  \'A 

cljain  down  the  sewer  it  helps  dam  the  sewage  and  the  pulling  is 
comparatively  light.  As  the  material  in  the  bottom  is  loosened 
the  extra  rush  of  water  helps  clean  it  out.  The  passage  of  the 
scraper  is  bound  to  force  some  material  into  the  house  connections. 
If  it  goes  in  the  direction  of  the  flow  this  will  not  be  so  serious  as 
if  it  were  dragged  against  the  current.  After  the  scraper  goe.'i 
through  a  gunny  sack  tilled  with  hay,  excelsior  or  shavings  should 
be  pulled  through. 

Then  the  water  in  all  the  houses  along  the  line  should  be  turned 
on  to  clear  out  the  obstructions  in  the  connections. 

When  going  over  the  system  the  second  time  from  the  top  to 
the  outlet  the  chain  can  be  inside  the  sack.  If  sand  deposits  in 
the  sewer  the  scraper  should  be  simply  a  long  heavy  chain  and  it 
should  be  hauled,  through  several  times,  both  with  and  against 
the  current 

There  are  many  sewer  cleaning  devises  now  on  the  market  and 
it  will  pay  to  invest^te  them  if  any  trouble  is  encountered.  Some- 
times jointed  rods  are  nsed  and  they  are  very  convenient 

In  March  and  April,  1904,  the  Sanitary  Section  of  the  Boston 
Society  of  Civil  Engineers  held  a  discussion  on  "The .  Cleaning 
and  Flushing  of  Sewers."  The  full  discussion  was  printed  in  the 
October,  1904,  number  of  the  Journal  of  the  Association  of  Engineer- 
ing Societies.  Copies  can  be  procured  from  the  Secretary  of  tiie 
Association,  Boston,  Mass.  The  same  number  contains  a  paper  on 
"The  Disposal  of  Municipal  Refuse."  The  copy  of  the  Journal  re- 
ferred to  costs  twenty-five  cents  and  it  is  worth  several  times 
that  price  for  the  opinions  and  experience  of  the  twenty-five  eminent 
engineers  who  took  part  in  the  discussion  generally  come  higher. 

SEWER  CONMECTIONS. 

After  a  sewer  system  is  constructed,  it'is  a  source  of  consider- 
able expense  unless  care  is  taken  to  regulate  connections.  Plumbers 
and  drain-layers,  if  left  alone,  have  a  happy-go-lucio'  way  of  con- 
necting houses  to  the  sewers  in  the  streets.  If  properly  looked 
after  no  harm  is  done.  The  following  ordinance  from  Havre, 
Mont  (prepared  by  C.  W.  Swearingen,  city  engineer),  is  a  good  one 
for  towns  and  citie*  of  less  than  10,000  inhabitants.    I;,  is  simply 


0.  Google 


H4  EXGI.WEERING  WORK. 

a  drain-laying  ordinance,  and  dots  not  touch  upon  matters  properly 
contained  in  a  plumbing  ordinance: 

An  Ordinance  to  Regulate  the  Construction,  Al- 
teration   and    Repair   of   Sewers    and    House 
Drains  in  the  City  of  Havre,  Montana. 
Be  it  Ordained  by  the  City  Council  of  the  City  of 
Havre,  Montana: 

Section  I— Supervision.  The  construction,  re- 
pair and  maintenance  of  all  sewers,  drains,  and 
cess  pools,  whether  public  or  private,  shall  be 
under  the  supervision  and  control  of  the  city 
engineer. 

Section  n — License.  No  person,  firm  or  cor- 
poration shall  engage  in  or  conduct  the  business 
of  sewer  connecting  and  house  draining,  or  ex- 
cavate any  trenches  for  sewer  pipe  or  open,  un- 
cover, or  in  any  manner  make  connection  with,  or 
lay  any  sewer  or  drain,  or  attach  to,  modify  or 
repair  any  appurtenances  to  sewer  connections 
with  the  sewer  in  the  streets  or  alleys  or  with  any 
private  sewer  or  drain  in  the  city  of  Havre  with- 
out holding  the  proper  license  for  such  work 
from  the  City  Council  of  the  city  of  Havre, 
Mont,,  excepting  only  persons  operating  under 
special  contract  with  the  cily  for  such  work. 

Section  HI — Application  for  License.  The  ap- 
plication for  license  shall  he  presented  to  the  City 
Council  and  endorsed  by  the  city  engineer:  and 
no  person,  firm  or  corporation  shall  receive  such 
license  who  does  not  have  an  established  place 
of  business  within  the  corporate  limits  of  the  city 
of  Havre,  and  who  shall  not  first  have  furnished 
the  city  engineer  satisfactorj'  evidence  of  his  or 
their  responsibility  and  qualifications  to  ply  their 
trade  in  acordance  with  the  requirements  of  this 
ordinance  and  the  engineer's  rules  for  the  conduct 
'    ,  of  such  work. 

.  ...  Section  IV — Bond,     After  favorable  action  by 

the  City  Council  granting  a  license,  and  before 
the  same  shall  be  issued,  the  applicant  or  appli- 
cants shall  file  with  the  city  clerk  a  bond  in  the 
sum  of  fifteen  hundred  dollars  ($1,500).  which 
bond  shall  be  approved  by  the  mayor  and  the 
city  attorney,  conditioned  upon  the  protection  of 
the  city  of  Havre  against  all  loss  or  damage 
which  may  occur  on  account  of  such  licensee 
through  any  carelessness  or  negligence  in  either 
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r  proiection  of  his  work,  or  by 
reason  of  any  unfaithful  or  inadequate  work  done 
by  such  person,  firm  or  corporation,  or  by  his 
or  their  employes,  and  that  said  licensee  as 
aueh  will  also  confonn  to  the  conditions  and 
requirements  of  the  city  for  his  or  their  govern- 
ment, or  in  default  thereof  will  submit  to  such 
'  penalties  as  are  or  may  be  prescribed  by  the  city 
engineer. 

Section  V — License  Fee.  The  license  fee  of  a 
drain  layer  shall  be  forty  dollars  ($40.00)  per 
annum,  payable  in  advance,  and  no  license  shall 
be  granted  tor  a  greater  or  less  period  than  one 
year. 

Section  VI— Use  of  License,  No  person,  firm 
or  corporation  engaged  in  the  business  of  sewer 
connecting  and  drain  laying  shall  allow  his  or 
iheir  names  to  be  used  by  any  other  person 
directly  or  indirectly,  either  lo  obtain  a  permit 
or  to  do  any  work  under  his  or  their  license  or 

Section  VII — Permit.  Before  commencing  the 
construction,  modification  or  repair  of  any  sewer, 
drain  or  cesspool  the  drain  layer  shall  first  ob- 
tain a  written  permit  from  the  city  engineer,  and 
such  permit  shall  be  upon  the  ground  at  all  times 
during  the  progress  of  work  and  must  be  shown 
any  officer  in  authority  on  demand. 

Section  VIII— Application  for  Permit.  All  ap- 
plications for  permits  must  be  made  in  writing 
upon  the  proper  blanks  for  that  purpose,  and 
signed  by  the  owner  or  his  authorized  agent,  and 
when  it  is  required  they  shall  be  accompanied  by 
a  plan  showing  the  whole  course  of  the  drain 
which  is  to  be  constructed,  together  with  the 
size  of  same,  the  location  of  all  branches,  depth 
of  drain  below  the  floor  of  building,  and  such 
other  information  as  may  be  required  by  the  en- 
gineer for  the  proper  direction  of  the  work.  If 
the  drain  is  to  be  connected  with  a  sewer  built  by 
private  parties,  or  to  pass  through  property  not 
owned  by  the  applicant,  the  written  consent  of 
the  owner  must  be  procured  and  filed  with  the 
application  before  the  permit  is  issued. 

Section  IX — Fee  for  Connection,  A  fee  of  five 
dollars  ($S.OO)  will  be  charged  and  collected  by 
die  city  engineer  for  each  connection,  to  cov^r  the 
cost  of  setting  grade  and  filing  in  the  engineer's 
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office  a  plan  of  the  work  as  compleied.  All 
moneys  collected  for  sewer  connections  shall  be 
covered  into  the  city  treasury  to  the  credit  of  the 
Sewer  Maintenance  Fnnd. 

Section  X~Barricadcs.    Excavations  in  street:; 
and  alleys  shall  be  made  in  such  manner  as  to 
impede   travel   as   little  as   possible,   and   the 
gineer  may  determine  and  limit  the  time  such 
cavation   may   remain   open,   and   when   unnei. 
sarily  delayed  he  may  direct  that  the  number  ol 
workmen   be   increased  to   hasten   the  work 
such  an  extent  as  he  may  deem  necessary.    I 
lights    shall    be   maintained    upon    all    unfinished 
work   at  night,   from   dark   to   sunrise,   and   suf- 
ficient barricades  shall  be  in  place  at  all  limes 
tintil  the  work  is  completed. 

Section  XI— Refilling  of  Trenches.  All  trenches 
shall  be  refilled  in  a  careful  and  workmanlike 
manner,  and  tamped  or  puddled  so  as  to  replace 
as  nearly  as  possible  all  excavated  material,  and 
leave  the  surface  in  as  good  condition  as  before 
the  commencement  of  work. 

Special  care  shall  be  observed  with  trenches 
within  streets  and  alleys,  and  all  surplus  ma- 
terial must  be  removed  when  work  is  completed, 
and  any  refilling  of  trenches  necessary  to  main- 
tain the  highway  in  good  condition  for  a  period 
ol  one  year  shall  be  done  by  the  drain  layer. 

Section  XII — Size  of  Drains.  No  drain  or 
sewer  pipe  shall  be  less  than  four  (4)  inches, 
internal  diameter,  and  all  sewers  and  drains  shall 
be  of  sufficient  size  to  accommodate  the  property 
they  are  intended  to  serve. 

Section  XIII— Pipe.  All  pipes  shall  be  first 
quality,  salt  glazed,  thoroughly  vitrified  earthen- 
ware, sound  and  well  burned,  smooth  and  thor- 
oughly glazed  exterior  and  interior  surfaces.  All 
connections  shall  be  laid  to  a  uniform  grade. 
Changes  in  the  direction  of  the  sewer  shall  be 
made  by  bends  and  suitable  fittings.  Pipes  shall 
not  be  cut  or  chipped  except  by  permission  of  the 
inspector,  and  shall  be  done  under  his  super- 
vision. Each  pipe  shall  be  carefully  bedded  as 
laid,  the  joint  filled  with  fresh  mortar  com- 
posed of  one  part  Portland  cement  and  two  parts 
of  clean,  sharp  sand.  The  pipe  shall  be  covered 
with'  fine  earth  or  sand,  free  from  rocks,  and 
thoroughly  packed  to  prevent  the  slightest  set- 
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tlcment  of  the  drain,  A  swab  shall  be  dr^wn 
through  ^e  pipe  a  laying  progresses  to  clean  tr.t; 
mortar  joints  and  exclude  objectionable  material 
from  entering  llie  sewer.  The  swab  shall  be  re- 
moved from  the  pipe  by  the  drain  layer  at  ihe 
completion  of  the  work  of  sewer  connection. 
Vitrified  pipes  shall  not  approach  within  two 
feet  of  any  building,  cellar,  vault,  or  area  way, 
from  which  point  cast  iron  pipes  shall  be  used. 
In  case  soil  pipe  has  been  previously  laid  to  said 
point  by  the  plumber,  the  drain  layer  shall  con- 
nect the  two  pipes  in  a  careful  and  workmanlike 

Section  XIV — Separate  Connection.  Every 
building  shall  be  separately  and  independently 
connected  with  the  sewer;  provided,  however, 
that  when,  in  the  opinion  of  the  engineer,  it  is 
deemed  advisable  to  connect  two  or  more  build- 
ings or  a  line  of  tenements  with  the  same  sewer, 
the  main  drain  or  lateral  shall  terminate  in  a 
man-hole  not  less  than  two  and  one-half  feet  in 
diameter  at  the  bottom  and  two  feet  at  the  top; 
the  inverts  shall  be  carefully  formed  in  the  con- 
crete foundation  and  the  top  shall  have  a  tight 

Section  XV— Cess  Pools.  Cess  pools  shall  not 
be  constructed  on  property  abutting  on  sanitary 
sewers,  and  the  use  of  old  cess  pools  shall  be  dis- 
continued when  public  sewers  are  constructed. 
Where  cess  pools  are  permitted  they  shall  not  l.e 
located  within  twenty-five  feet  of  any  dwelling, 
and  shall  not  be  less  than  six  (6)  feet  s<|uare  and 
twelve  (12)  feet  deep,  lined  top  and  bottom  and 
sides  with  two-inch  plank  placed  c!-,:e  together, 
forming  a  tight  chamber  with  a  vent  reaching 
six  (6)  feet  above  the  surface. 

Section  XVI— Storm  Water.  Where  rain 
water  leaders  are  connected  with  the  sewers  pro- 
vision mnst  be  made  to  secure  against  the  en- 
trance   of    any    objectionable    material    into    the 

Section  XVII — Improper  Use.  Entrance  inio 
the  manholes  or  opening  the  same  for  any  pur- 
pose whatever  except  by  the  engineer  or  other 
persons .  duly  authorized,  is  strictly  prohibited. 
No  one  shall  throw  or  deposit,  or  cause  or  per- 
mit' to  be  thrown  or  deposited  in  any  vessel  or 
receptacle  connected  with  the  public  sewer,  gar- 
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bage,  hair,  ashes,  fruit,  vegetables,  pi-elings,  re- 
fuse, rags,  sticks,  cinders,  or  any  other  matter 
or  thing  whatever,  except  human  excrement, 
urine,  the  necessary  closet  paper,  liquid  slops, 
and  drainage  of  such  character. 

Section  XVIII — Inspection.  The  city  engineer 
may  adopt  such  rules  as  he  may  deem  necessary 
to  provide  tor  proper  inspection  of  the  work, 
and  no  work  shall  l^e  covered  until  it  has  been 
approved  by  the  inspector,  who  will  endorse  a 
certificate  of  final  inspection  upon  the  permit 
issued  for  that  particular  work  or  connection. 

Section  XIX— Penahy.  Any  person,  firm  or 
corporation  who  shall  be  found  guilty  of  vtnlating 
any  of  the  provisions  of  this  ordinance,  or  who 
shall  fail  or  neglect  to  comply  with  any  of  sucfa 
provisions,  shall,  on  conviction  thereof,  be  fined 
not  less  than  five  dollars  ($5.0n)  nor  more  than 
one  hundred  dollars  ($100.00)  for  each  offense, 
and  ten  dollars  ($10.00)  for  each  day  such  per- 
son shall  continue  in  violation  thereof, 

Wiiful  violation  of  said  regulations  or  of  the 
directions  of  the  city  engineer  or  nis  inspector 
shall  be  cause  for  temporary  suspension  of  the 
license  of  the  offender  by  the  city  engineer  pend- 
ing final  suspension  by  the  city  council,  in  addi- 
tion to  any  other  penalties  that  may  be  imposed 
under  this  ordinance,  and  such  suspension  shall 
operate  until  such  penalties  are  paid  and  until 
license  is  restored  by  the  City  Council;  nor  shall 
such  suspension  give  the  offending  party  the 
right  to  (he  return  of  any  money  paid  for  such 

Section  XX — Ail  ordinances  and  parts  ot  or- 
dinances in  conflict  with  the  provisions  of  this 
ordinance  are  hereby  repealed. 

Section  XXI— This  ordinance  shall  lake  effect 
and  be  in  force  from  and  after  its  passage,  ap- 
proval and  publication. 

Passed  by  the  City  Council  this  .Sth  day  of 
June,  3903. 

Approved  by  the  Mayor  this  5th  day  of  June, 
1905. 

L.  Newman,  Mayor. 

Attest:  R.   E.   Hammond, 

Acting  City  Qerk. 
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SEWAGE  DISPOSAL. 

It  is  not  enough  to  hmc  a  system  of  sewers  installed  and  leave 
the  disposal  of  the  sewage  )o  3  place  outside  the  city  limits,  as  luck 
will  have  it 

It  is  no  longer  sate  to  discharge  sewage  into  rivers  and  streams, 
for  the  population  of  the  country  is  increasing  rapidly,  and  all 
streams  are  used  for  water  supply.  A  case  was  decided  a  few 
years  ago  in  which  a  city  was  enjoined  from  discharging  sewage 
into  the  stream  from  which  its  own  water  supply  came.  The 
decision  was  severely  commented  on  hy  a  certain  class  of  people 
who  believe  no  man  should  be  restrained  in  doing  things  to  him- 
seK 

But  people  residing  along  a  stream  should  not  be  placed  in 
danger  because  the  people  higher  up  desire  to  save  expense.  For 
such  the  courts  give  ample  protection  and  the  trend  of  decisions  is 
more  and  more  severe  and  continiug,  until  it  is  likely  in  a  few  years 
not  the  slightest  contamination  of  any  water  course  will  be  per- 
mitted. 

Modern  sanitary  science  has  shown  more  diseases  to  result  from 
impure  drinking  water  than  from  lack  of  sewerage  facilities  and 
the  sources  of  supply  of  drinking  water  must  be  protected.  Seepage 
through  the  soil  does  much  to  purify  the  wastes  of  living.  Gases 
escape  into  the  atmosphere,  but  are  seldom  of  a  harmful  nature. 
The  liquids  percolating  through  the  soil  and  removed  from  beneficial 
oxygenizing  agencies  do  more  harm.  If  the  soil  is  of  a  proper 
■  kind  and  the  sources  of  well  supply  arc  not  too  near  the  surface 
the  liquids  may  be  purified.  If  they  reach  underground  sheets  of 
water  close  to  wells  they  may  not  be  diluted  enough  to  be  harm- 
less. They  may  rise  through  springs  into  the  bottoms  of  rivers  and 
be  rendered  innocuous  by  dilution. 

When  delivered,  however,  in  quantities  into  a  river  near  its  sur- 
face, ti^ether  with  all  the  waste  matter  in  a  putrifyitig  condition,  the 
result  is  anything  but  good,  and,  in  fact,  in  times  of  sickness,  is 
absolutely  dangerous.  Cities  on  the  sea  coast  and  on  tidal  rivers 
have  often  been  envied  because  their  sewage  could  be  discharged 
directly  into  the  ocean  and  he  rendered  innocuous  hy  dilution. 
Fish  farming  and  oy.ster  culture,  however,  are  interfered  with  by 
such  action.     The  tides   bring  back  wastes  the  people  want   to  get 
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rid  of  and  the  day  is  not  far  distant  when  ail  sewage  will  be  jHiri- 
Jied  even  before  discharging  Into  the  ocean  and  its  lidal  tributaries. 
It  costs  money  to  handle  large  quantities  of  sewage.  This  is 
o;ie  of  the  strong  arguments  in  favor  of  the  separate  system  of 
sewerage,  which  provides  a  minimum  amount  of  liquid ;  for  storm 
water  is  taken  care  of  in  other  channels. 

There  are  four  methods  in  general  use  for  the  disposal  of 
sewage.  Briefly  described  they  are  as  follows,  it  being  remembered 
'  that  many  modifications  of  each  kind  exist. 

UECHANICAI,    EEPASATION. 

This  method  separates  the  solids  and  fluid  matter  by  straining. 
The  liquid  is  discharged  into  a.  stream  ot  lake  comparatively  color- 
less and  with  st^ht  odor.  It  is  not  rendered  harmless,  however, 
by  this  method.  Two  modem  modifications  of  (his  oldest  of 
processes  are — 1st  Irrigation  with  the  effluent  2nd.  Filtration  ot 
the  effluent. 

CHBUTCAL  PRECIPITATION. 

The  sewage  is  run  into  tanks  and  chemicals  used  to  precipitate 
the  solids  and  clarify  and  purify  the  effluent 

In  both  the  preceding  methods  there  is  a  material  left,  known 
as  "sludge,"  which  is  a  costly  nuisance.  Sometimes  it  is  spread 
over  land,  allowed  to  dry  and  then  plowed  in.  Sometimes  it  is 
dried  and  burned  in  kilns.  Sometimes  farme;'.''  take  it  as  fertilizer 
and  occasionally  makers  of  fertilisers  will  take  it  as  a  gift  It  is 
almost  impossible  to  sell  the  stuff  and  few  places  can  handle  it  at 


The  sewage  is  run  on  land  for  irrigation.  The  land  is  used  for 
raising  fruits  and  vegetables  and  truck  gardening  generally.  Some- 
times land  can  be  rented  for  the  purpose  and  sometimes  it  is 
owned  by  the  municipality  and  rented  to  truck  gardeners.  Properiy 
planned  and  executed  this  has,  in  some  places,  proven  a  cheap  and 
efficient  method  of  disposal.  But  there  are  many  people  who  object 
to  eating  anything  grown  on  a  sewage  farm.  Occasionally  sudi 
farms  have  been  nuisances. 

In  combination  with  septic  methods  of  sewage  treatment  broad 
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irrigatioii  will  be,  snd  in  some  places  is.  «ucceufu1.     It  can  only 
be  used  to  advantage,  however,  where  land  is  comparatively  cheap. 

FllTKATION. 

This  is  an  artificial  scientific  improvement  upon  broad  irriga- 
tion, and  is  used  in  connection  with  mechanical  separation,  chemical 
precipitation,  sedimentation,  septic  processes,  or  alone.  As  a  final 
treatment  for  septic  sewage,  continuous  or  percolating,  filter  beds 
are  at  present  the  favorite.  Otherwise  intermittent  filtration  it 
best 

Filter  beds  may  be  £rom  two  to  five  or  six  feet  thick,  composed 
of  porous  material  in  graded  layers.  For  filtering  material  there 
are  in  use  earth,  sand,  broken  stone,  burnt  clay,  pieces  of  brick, 
shells,  coke,  cinders,  gravel,  glass,  etc.  The  best  material  is  one 
that  will  not  break  down  into  dust  and  ciog  the  bed,  will  be  suf- 
ficiently porous  to  have  a  beneficial  straining  action  and  present 
enough  surface  to  support  good  colonies  of  bacteria. 

A  filter  bed  works  in  two  ways — 1st.  It  mechanically  separates 
matler  in  suspension  and,  2nd,  it  contains  oxygen  in  the  interstices  of 
the  material,  which,  aided  by  bacteria,  oxidizes  organic  matter.  It 
should  have  plenty  of  air  and  then  the  two  classes  of  bacteria  men' 
tioned  in  the  chapter  on  Sanitation  can  exist.  When  the  filter  is 
clogged  only  the  putrefactive  bacteria  can  exist. 

With  intermittent  filter  beds  the  sewage  is  retained  until  the 
bed  is  full,  when  it  is  drawn  ofT  suddenly  in  order  to  cause  a  rush 
of  air  into  the  open  spaces.  In  some  systems  filling  is  immediately 
recommenced.  In  others  the  beds  are  allowed  to  rest  for  about 
one'third  the  length  of  time  sewage  stands  in  them  in  order  to 
absorb  oxygen 

The  writer  believes  that  sedimentation  and  filtration,  in  com- 
bination with  irrigation,  will  be  the  best  solution  of  the  sewage  dis- 
posal problem.  It  is  not  always  that  the  right  condition!^  obtain. 
however,  so  the  application  is  comparatively  limited.  The  septic 
tank  then  becomes  a  necessity. 

SEPTIC  TANK. 

On  this  process  the  newspaper  and  magazine  scier.tists  have 
b^ome  hysterical.    A  comparatively  recent  patented  method  utilizing 
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,  mysterious  "bugs"  for  the  protection  of  man  it  has  been  an  adjunct 
of  the  fairyland  of  science  and  entrancing  to  contemplate.  The 
writer  believes  that  patents  on  the  septic  lank  process  are  worthless, 
as  its  action  has  been  known  many  years.  Patents  on  appliances 
connected  therewith  to  regulate  flow,  etc.,  are  perfectly  sate.  Tanks 
can  be,  and  have  been,  built  without  many  things  often  urged  upon 
councils. 

Good  contact  filter  beds  depend  almost  wholly  upon  aerobic 
bacteria  and  dispense  with  putrefactive  processes.  The  septic  tank 
is  a  tank  with,  or  without,  a  roof  wherein  the  sewage  is  held  for  a 
time  to  permit  the  anaerobic,  or  putrefying  bacteria  to  throw  down 
the  solids  and  convert  them  into  liquids.  There  is  some  precipita- 
tion in  connection,  but  no  chemicals  are  used.  The  action  is'pre- 
cisely  the  same  as  the  action  going  on  in  a  tight  cesspool  and 
privy  vault.  A  small  amount  of  sludge  accumulates  in  the  bottom 
and  this  sludge  can  be  removed  at  any  time  for  disposal.  It 
dries  into  a  fine  dust  and  is  harmless.  It  is  really  an  ash  such  as  is 
left  after  combustion. 

The  liquid  flows  to  filter  beds  where  aerobic  bacteria  com- 
plete the  work  of  purification.  Where  a  high  degree  of  purification 
is  desired  there  should  be  three  sets  of  filters,  but  in  many  plants 
only  one  filter  is  used  after  the  preliminary   treatment  in  the  lank. 

The  real  value  of  the  septic  tank  lies  in  the  fact  that  it  destroys 
suspended  matter  without  forming  any  great  amount  of  sludge.  It 
also  acts  largely  to  prevent  a  coating  over  the  bacteria  beds  of  cel- 
lulose matter  more  or  less  impervious  to  water.  It  also  forms 
substances  easily  acted  upon  by  the  nitrifying  bacteria. 

There  is  a  further  advantage,  in  that  in  all  systems  of  filtra- 
tion there  comes  a  time  when  the  filter  is  clogged  to  a  certain 
extent  and  the  anaerobic  bacteria  increase  too  rapidly  while  the 
aerobic  bacteria  diminish.  The  beds  then  become  offensive.  The 
septic  tank  does  much  to  prevent  this  by  furnishing  an  ideal  place 
for  the  anaerobes  to  work. 

.\  septic  tank  in  connection  with  a  filter  and  subsequent  use 
of  the  effluent  for  irrigating  kitchen  gardens  and  lawns,  is  ideal  for 
country  residences  and  houses  with  grounds. 

A  complete  bacterial  purification  plant  consists  of  a  silt  box,  or 
detritus  tank,  to  retain  heavy  inorganic  matter;  a  septic  tank,  with 
pump   chamber ;   a    sludge   bed.   and   filter  bed,   or  beds.     Although 
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such  a  plant  will  remove  99  per  cent  of  tinrmful  micra-orgaiuMttt 
the  remsinder  can  do  damage,  so  final  treatment  over  a  farm  or  on 
sandy  soil,  is  advisable  before  allowing  Ihe  effluent  to  run  into 
a  stream  ased  as  a  source  of  water  supply. 

SEDIMEHTATION. 

Although  it  was  stated  at  the  beginning  of  the  section  on 
sewage  disposal  that  there  were  four  methods  of  sewage  disposal 
with  many  variations  on  each,  some  readers  may  think  that  sedi- 
mentation can  not  properly  be  treated  as  a  variation.  Sedimenta- 
tion processes  required  tanks  with  a  very  slow  velocity  in  which 
sludge  settled  and  was  periodically  cleaned  out.  It  was  a  process 
for  simplifying  the  treatment  of  the  liquid  sewage.  The  septic 
tank  really  developed  from  the  sedimentatioil  tank. 

SEWER  ADJUSTMENT    SPECIFICATIONS. 

It  is  customary  in  constructing  sewer  systems  in  uninproved 
streets  to  have  the  tc^s  of  manholes,  catch  basins,  inlet  covers,  etc., 
left  flush  with  the  surface  of  the  ground.  When  the  street  is  after- 
ward paved  all  these  covers  are  brought  flush  with  the  pavement 
or  brought  to  grade. 

For  the  doing  of  such  work  the  following  supplemontal 
specifications  are  used  in  Chicago  in  connection  with  street  paving 


ADJUSTMENT    OF    SEWER    MANHOLES   AMD    CATCH    BASINS. 
The  contraclor  ihall,   for  the  prices  bid  per  nnit,  lower,  riiK  and  kdjuit 
>   the    proper   grsde   and    line   all    cDvera    lo   the   lever   minholei   and   catch 
isins;  ahall  lumiih  and  set  new  iron  cotcti  where  needed;  (hall  build  new 


All  catch  baami  are  to  be  circular  in  aeclion  and  four  feet  In  iaHmd 
diameter.  Tber  are  to  be  bidlt  of  two  ring*  oE  brick  upon  >  floor  of  two- 
inch  inoe  plank,  cloKly  jointed.  The  bricki  in  the  inner  ring  (cxcep)inc  the 
top  and  bottom  header  couraes)  are  to  be  set  vcTtlcallT.  The  outer  rinc 
ma;  be  of  bats  aa  far  aa  brolcn  briclu  on  hand  will  go,  oihcrwiae  whole  bricta 
are  to  be  uaed.  The  brick  work  ahall  be  seven  feet  t»a  inchea  deep;  the  Mp 
of  the  brick  work  ihall  be  two  feet  in  imernat  diameter,  being  drawn  in 
by  nine  header  conraca,  and  an  iron  caver  lel  thereon.  The  caich  baaiB* 
are  to  be  connected  to  the  aewer  wilh  nme-inch  tite  pipe  and  trapped  with 
nine-inch  half-traps,  the  bottom  of  the  traps  to  be  ael  three  feet  and  ita 
laches  above  tbc  Hoar  of  tbe  baaiM. 
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coven  of  llic  nunholci  ahall  be  lakm  off  and  Ihc  upper  eonra 
>rickwork  removed  if  they  be  defective  or  if  it  be  aectaatrj  to  > 
r>  at  *  lower  grade;  if  il  be  necessary  to  rsiie  the  covers  more  Ih: 
es    the    upper    header    coursei    ihall    be    removed    until    (be    intern 

of  tbe  brick  work  iball  be  two  feet  and  six  incbea  and  the  mai 
.-1  be  built  Dp  with  new  brick  work  to  Ihe  proper  grade  and  a 
er  set  ibercon,  asinE  the  old  cover  if  it  be  in  a  suitable  condition^ 
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eicepling  the  new  cover   and  lile  pipe,   if  furnished. 

The  contractor  shall  set  alt  covets  to  the  correct  grade  in  a  bed  of 
mortar  on  lop  of  the  brickwork  above  specified.  After  tbe  foundation  for 
the  pavement  is  laid  the  covecg  shall  be  reset  to  the  exact  grade,  if  necessary, 
without  extrs  cost. 

All  new  covers  shall  be  of  a  good  grade  of  cast  iron.  The  curb  shall 
weigh  not  Icaa  than  390  pounds,  and  the  lid,  if  of  iron,  shall  weigh  nol 
less   than    120    pounds,    provided    that    if    the    catch    basins    are    lo    be    buiit 

pooBdl.  When  so  directed  by  the  Engineer  (he  contractor  shall  fumiah  oak 
lUtl  for  the  new  covers.  The  covers  and  iron  lids  shall  be  of  the  sice  and 
form  of  the  iron  covers  and  lids  now  in  use  by  the  Bureau  of  Sewers  in  the 
e  oak  lids  shall  be  constructed  of  two   piece*  of  ihree- 


The  price  bid  per  new  cover  s 
tting  of  the  cover,  and  shall  be  ii 
inhole  or  catch  basin. 
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be  used  in  (he  iai'-ir  co:irv!i  rhc  imoDthnt  edge  of  Ihc  brick  bring  Uld  M 
Ibe  face. 

No  joinl  (bill  exceed  one-half  of  in  inch  in  Ibickoeas.  and  all  jointa 
on   face   shall   be  tcowd  itnuJi. 

If  it  be  neceuarr  to  build  niore  than  two  feet  of  bricliwork  in  adjuning 
the  cover  of  any  manhole  or  utch  basin,  such  excen  ahal]  be  paid  far  at  the 
rate  of  Uo  dol'ara  per  lineal  foot. 

Each  pipe  la  to  be  laid  on  a  lirin  bed,  and  in  perfect  conformitT  with  tbc 
line  and  levels  given.  The  endi  ol  the  pipes  are  to  abut  close  EgainH  each 
other  in  such  a  manner  that  there  shall  be  no  shoulder  or  want  of  unifarntUr 
«f  surface  on  Ihe  interior  of  the  drain.  The  rings  are  to  be  placed  centrally 
aroand  the  joints  of  the  pipes.  The  joints  between  the  rings  and  the  pipes 
■re  to  be  as  uniform  as  possible  in  thicknesl  and  thoroughly  filled  with 
mortar.'  Each  joint  is  to  be  wiped  clean  of  raortar  on  the  inside  before 
another  length  of  pipe  is  laid. 

The  price  bid  per  lineal  foot  of  pipe  shall  include  Ibe  cost  of  all  material 
and  labor.  inc:uding  e»avalian  and  backfilling,  and  shall  be  paid  for  all  inlet 

The  morMr  ihall  be  made  by  carefully  measuring  and  thoroughly  incor- 
porating one  part  of  natural  cement  with  two  parts  af  clean,  sharp  sand  in 
dry  state,  and  mixed  with  clean  water  lo  the  proper  connstency,  and  shall 
be   used  while   fresh,   and   Ihe    use   of   mortar   which   has  been    set   and   then 

be  of  pnre   cement,    mixed  and   used   as  above   specified,   all  to  be  furnished 

3r  the  purpose  for  which  they 
hard-buined.  free  from  lime 
and  cracka,  and  to  have  a  clear,  ringing  sound  when  struck,  whole  and  with 
edges  full  and  square,  and  of  standard  dimensions,  vis.:  gxtx2'A  inches;  they 
shall  he  of  compact  leiliire,  and  after  being  thoroughly  dried  and  immersed 
In  water  for  twenty-four  hours  shall  not  absorb  more  than  fifteen  (IS)  per 
cent  in  weight  of  water. 

The   pipe   shall    be    straight,    smo. 
vitrified,    well  glaied,    free    from  lumj 

least  possible  variation  from  Ihe  specified  dimension  or  true  cylindrical  si 
All  straight  pipe  must  he  straight  in  the  direction  of  the  anil  of  Ihe  cylii 
and  the  inner  and  outer  surface  of  each  pipe  must  be  concentric. 

The  earth  must  be  carefu'ly  replaced  around  all  manholes  and  c 
basins  and  over  all  tile  pipe  laid  under  this  contract  in  such  a  manner 
no  further  settlement  will  take  place,  snd  il  must  be  thoroughly  ran 
with  suitable  rammers  or  puddled  with  water,  or  both,  as  the  Engineer 
direct. 
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Whenever  the  grade  of  the  new  piTcment  i»  lurh  on  to  lottT^erc  wltt 
tbc  drutuge  of  interiecling  ilreeli  Into  cxuting  cilch  buini;  additional 
brick  inleti  duill  be  buiit  at  Ihe  outer  edgei  of  the  new  pavement  and  con- 
nected to  the  citcb  basina  with  Dine-inch  tile.  Ttw  price  bid  per  lineal  fool 
of  titc  pipe  ihall  include  the  cost  of  thia  work  including  the  brick  inlet. 


When  ao  directed  hj  the  Engineer,  Ihe  contractor  aball   fuml<h  tnd  te« 

the  office  of  the  Engineer  of  the  Board  of  Local  Iraproveinenli.    The  grating 

r  grating  ahall  include  the  coat  of  all  material  and  tabor 


1  baaina  that   a^x   not   needed 


The  pipe  connectiona  from  the  old  catch  basina  lo  Ihe  aewer  (halt  be 
amined  at  the  expenic  of  the  contraclor.  and  if  found  defective  aball  ba 
tt  in  good  condition  at  Ihe  expcnae  of  the  city. 


sp:wer  specifications. 

While  the  foregoing  and  following  .specifications  are  very  com- 
plete, it  is  not  advised  that  they  be  taken  in  their  entirety  £or  small 
places,  as  local  considerations  must  play  a  large  part  in  all  specifica- 
tion writing.  The  fact  that  many  specifications  contain  identical  or 
amhiguous  clauses  seems  to  indicate  that  the  paste  pot  and  scissors 
are  used  more  freely  than  they  would  be  were  sufficient  thought 
given  to  having  the  specification  perfectly  clear.  Misunderstandings 
and  lawsuits  would  also  be  avoided. 


SEWER   SPECIFICATIONS— CITY  OF   CHICAGO— IMS. 

INSTRUCTIONS    TO    BIDDERS. 


ordinance   which   waa  heret 

ofore 

aasLcd   by   the   City 

Council   of   the   atj  of 

Chicago,   providing  for   the 

aaid 

mproTemcQtj  and 

t   la  understood  that  th« 

MDtractor   ahaU  '.larefully   e 

samine 

Ihe   aaid  ordinanc 

e,   a*   under  the  law*  of 
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the  Stale  af  IlUnidi  the  Impravement  ■■  completed  muit  compi] 
lerma  and  proriuoDB  of  Iht  otdioaiKe  proriding  for  the  (aid  impi 
It  i*  the  intention  of  tbete  tpecifications  to  provide  for  thi 
Bleat  ia  ■  eompleie.  thorough  and  workmanlike  nunner.  The 
to  whom  the  woik  it  awarded,  shall  furnish  all  material!,  labor  . 
tenucca  neceaaarr  lo  complete  the  work  in  accordance  vrith  Ihet 
tlona,  and  anythinf;  omitted  herein  that  may  be  reasonably  laterprel 


price  for  each  and  every  item  m 
of   the   proposed  work,  and   by    j 


the  accuracy 

of  the  es 

itimaic  of 

qiantitlci 

Bidders 

Ihe  Hoard  of 

I^al 

Impr 

ments  that  t 

hey  have  been   rcKula 
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1  Iht 

niably    fan. 

iliar   then 

;with,   and  lb 

at   Ihcy  are   fully 

the  neccBMr 

y    capital, 

and  mach 

do  Ihe   prop 

oscd 

work. 

All  bids 

.  must  be  T 

nade  subj 

,  of  > 

.  majotiij- 

of  the  front 

age,    to    cor 

the    impr, 

as  )>rovi,lc,l 

,   Sect 

A  an  Act 

of  the  C 

,f   the    State 

of    lllinoia. 

tilled    "An 

Art    Conce 

roing    Lo, 

:al     Impro 

'■    approved   , 

Jone 

in  force  Jul 

ly   1.   lSt.7. 

and   the 

Ihei 

No  bid. 

will  be  ac. 

firms  who  ma 

in  arr 

to  the  City 

of  Chicago 

upon   del 

who  may  be 

lefault 

aurety  or  ol 

obligation 

City  of  Chi 

or   bel 

apedlied  tin 

work.      C 

>   or   firma   h 

iddini 

g    for 

the 

described. 

le   In   the 

^    the   Individ 

ual   II 

and 

place*  of  res 

idence  of  1 

be  officers 

i  or  persoi 

riling  such  cc 

irm. 

The  Bo 

:rd  of  Local   Iroproi 

ssly 

resenei  the 

right 

■-iett 

any  or  all   1 

lid^  or  to 

accept  b 

id.   separ. 

itely 

to   diiterent 

aectio 

1.3    of 

Ihe 

■Bprfc.  or  to 

bid  in  tb 

e  aggrega 

A  list  of  the  .e«e 

rs  to  be 

conatructe 

d   in 
the 

,  giv 

en  in  Ihe  foi 
IBsal,    with    a 

■m  of 
;ific«ti 

fo™" 

IHl. 

special  notal 

i™,"«^','i 

ihall  be  c 

onside^d 

..or. 

The   pla 

ixa  and   dr. 

.wings   sb 

owing   loc 

alio 

n    ai 

id   dimension  1 

1    of 

sewer. 

1   to 

be  lonslrucled.  prepared  by  the  Board  of  Local  Improvements  of  Ihe  City  of 
Chicago,  and  on  Sle  in  itt  ofbce,  with  all  notes,  dimensions,  figures  and  cor- 
rections thereon,  shall  be  considered  a  [lart  of  these  specifications,  and  in  - 
event  of  any  discrepancy  between  plana  and  apecificatioitt,  the  judgment 
of  the  Board  of  Local  Improvements  or  its  auiboriied  agent  shall  be  decisive 
thereon. 

The  contractor  shall,  tor  the  contrart  price  per  lineal  foot  (or  the  sewer 
proper,  furniah  all  the  material  and  all  tools  and  do  all  the  work  jirescribed 
.  1b  these  apeclficatfons,  and  shown  on  Ihe  plans  attached,  inclnding  foundation 
■od  all  necessary   work  and  material    for  building  of  outlall,    ahall  make  the 
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InC  all  iheeting  md  iborinc;  shall  make  all  pra^iioru  neceoary  ta  mun- 
Uln  aod  protect  all  bfiildlngi,  ivslla,  fence*,  creea.  gai  pipe,  water  pipe,  coa- 
duiti,  Kweri  and  other  ttructurei  of  whatever  nature;  ahall  provide  all 
bridgea,  fences  or  other  mesni  of  mBlnlaining  travel  on  interaeclinj  »tre««. 
and  on  street!  or  roadi  in  which  the  Irnichea  are  eicavMcd;  shall  malnuin 
the  same  in  good  and  safe  condition  so  long  a>  may  be  necessary;  a^d  then 
shall  remove  such  temporary  expedients  and  restore  such  ways  to  their 
proper    condition;    ahall    provide    watchmen,    fences,    red   lights    and    all    other 

shall  provide  all  centers  and  forma;  shall  construct  all  foundations,  all  brick, 
tile  pipe,  concrete,  stone  and  timber  work;  shall  set  in  place  all  iron  work 
and  refill  all  irenches;  and  shall  put  in  complete  working  order  the  sever 
or  sewers  awarded  him.  and  shall  do  each  and  all  to  the  satiafaetion  of  ttie 
Eoard   of    Local    Improvements.      The    contract    price    is   to    include    the    cost 

whether  any  of  these  obstacles 


The  ground  shall  be  eitcavaled  in  open  trenches,  eicept  where  iimnel- 
ing  is  considered  necessary  or  proper  by  the  Engineer,  in  such  direction  as 
ia  required,  to  the  width  and  depth  as  may  be  necessary  for  the  proper  con- 
struction   of    sewer   according   to   plan. 

manner  and  ^ze  specified.  Wherever  the  nature  of  the  ground  will  admit 
the  outaide  of  ths  lower  half  of  the  sewer.  In  order  to  secure  this  the  con- 
the  outside  and  the  other  the  inside  of  the  invert.  It  is  to  be  firmly  and 
nnmoved  in  its  position  until  after  the  masonry  ia  laid.  The  bed  far  the 
able  tools,  to  a  line  stretched  from  the  outude  of  the  masoniy  to  the  form, 
entemal    form    of   the    sewer    can    not    he    preserved,    the   eicavation    shall    he 


from   the   trench   and   tbe   streets  as   fast   as   eicavaled   by 

his  own  expense.     The  sidewa:l»  must  in  no  case  be  obstructed,  and  the  con 

vehicles  and  fool  passengers,  either  by  bridging  or  otherwise. 

The  excavation  of  the  trench  aball  not  advance  more  than  600  feet  aheai 
of  the  completed  masonry  or  pipe  work,  except  where,  in  the  opinion  of  th^ 
Engineer,  it  is   necessary   to   drain  wet  ground. 

Where  rock  is  encountered  in  excavating  the  trenches,  it  is  to  be  ri- 
mored    by    drilling    and    blaalins,    or    otherwise,    to    the    level    of    the    outs'di 
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of  the  bolloa  of  the  sewer.  Whenever  a  water  main,  laa  pipe  or  other  con- 
duit crosiet  the  line  o(  the  trench,  (he  rock  on  each  aide  of  the  pipe,  (or 
the  distance  of  two  (Mt,  to  to  be  removed  without  blading.  Where  blMU 
are  made  the  trench  ii  to  be  carefully  covered  with  snitible  bmah  or  timber 
or  maRing  lo  pi-evenl  danger  lo  life  and  propcrtT.  and  Ihe  contractor  must 
secure  a  special  permit  for  blasting.  Before  the  sewer  ia  built  all  trregu- 
lariliet  of  the  rock  are  to  he  filled  with  sand  and  gravel,  well  rammed  inlo 
its  place,   without   extra   [ompcnaaiion. 

For  all  rock  excavation,  in  addition  to  his  price  per  ioot  of  tcwer,  the 
contractor  ii  lo  receive  a  compeuBation  of  three  dollars  per  cubic  yard.  In 
estiauliBg  the  number  of  cubic  yards,  the  necessary  width  of  the  Ireuch 
at  ttie  aurface   of  the   rock,   by   the   depth   from   the   aurface   of   Ihe  rock   lu 

of  the  rectangular  section  upon  which  estimatei  of  guantities  arc  to  be  based. 

deduction  made  for  Ihe  portion  which  comes  on  the  quarters  of  the  invert 
that  may  not  be  removed.  Boulders,  one-quarter  cubic  yard  and  over  in  aire, 
will   be   measured   as   rock   excavation.      Hardpan   and    boulder   clay    sUall   not 

by    blasting. 

No  claim  for  an  amount  of  money  beyond  the  contract  price  of  the  work 
will  be  entertained  or  allowed  on  account  of  Ihe  character  of  the  groand  in 
.  which  the  trench  or  other  excavations  are  made,  except  for  the  rock  cutting 
heretofore   spedlied. 

The  contractor  must  assume  the  risk  of  meeting  quicksand,  hardpan, 
boulder  ctay,  mbbish,  unforoctn  obsUcIea,  anderground  condulia,  railroad 
tr&cica,   pavement^    etc 

All  water,  gas,  or  other  kinds  of  pipei  or  conduits  are  to  b*  carefully 
aniqnrted  and  protected  from  injury  by  the  coolractor.  either  until  the 
sewer  is  built  and  the  backfilling  finiahed.  or,  If  it  ia  neceasary,  until  the 
propet  person  shall   remove  or  change   ihem.      Nothing   in   this  contract  shall 

any   pipea, 

or   to  the   contractor   building  said   sewer. 

When  existing  sewers  have  lo  be  taken  op  or  removed,  the  conlradol 
most  provide  and  maintain  temporary  outlets  and  connections  for  all  privati 
or  public  drains,  sewers,  or  catchbasins,  and  he  mnst  take  care  of  alt  aewagi 
and  storm  water   which  wilt  be   received   from  these  drains   and   sewers,   ant 

his  own    expense    an    effititnt    pumping    pUm    and    temporary    outlet,    and   bj 

temporary  connections  until  such  limes  as  Ihe  permanent  connections  will 
the  new  sewers  are  built  and  in  service,  which  permanent  connections  shal 
be  made  by  the  contractor  in  a  careful  and  workmanlike  manner. 

All  paving,  graveling,  macadamiiing,  planking,  sidewalks,  culverts,  am 
crosswalks,  or  any  street  paving  or  walk  whatever,  ate  lo  be  careful!; 
removed  before  the  excavation  is  made,  and  kept  separate  from  other  esca 
vated    inat*ri»l,    ■■"!   carefully   replaced  after  (ewer  is  completed. 
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»fcty    of   tbc   work   or   Ihe   public. 

The  sheeting  and  bracing  ihall  be  removed  u  Ihe  work  proKrcsws.  ia 
aiich  loanner   ai  to  prevent  the  caving  in   di   the  aides  of  the  excavition,  or 

The  Board  vf  Local  [miiroitnien'i  may  order  the  iheeting  and  br>cio| 
left  in,  when  in  its  opinion  it  is  neeeiHry  for  the  protection  of  the  worii; 
in  luch  cases  only  will  a  charge  be  aUowed  for  the  aanu  at  the  rate  of 
tI8.00   per  thousand    feet    B.    M. 

The  coniractor  shall  at  big  own  expenie  ihore  up  and  reatore,  and  «mIk 

said   conlraclor  Hill   be   held    rtaponsible   for   all   danuget  vhiah   may    happen 
to   neighboring    properiiei,    or    in    any    otber    way    froni    neglect    of   tbia    pre- 

eavations,  all  temporary  lupporti  and  braees  thai  may  be   neceaaary  to  aecure 


Whenever  the  ground  i>  sufficiently  firm   and  unyielding,  the  masonry  or 

Ibii  ahall  not  be  the  case  and  such  foundation  is  not  shown  on  the  plan,  h 
shall  be  built  of  masonry,  concrete,  or  of  plank  and  limber,  r,^  the  B«trd 
of   Local    Iraprovementi  may   direct. 

The  contractor  will  be  allowed  extra  compensation  for  this  work  at  prices 
ramed  below  (or  the  different  kinds  of   foundations  required. 

The  following  are  the  prices  to  be  paid   for  foundations,  timbering,  sheet 

$18.00  per  l,0<m'    B.    M.    for   plank  and   ihtetiDg. 
$  8.O0  per  cubic  yard  for  brick   maaonry. 
$  7.00  per  cubic  yard  for  concrete. 


shall   do   all   pumping    and   bailing,   build   all   dnin%   and 
do  lU   Other  work   necessary  to    keep  the  trench  and   sewer  dear  of  ground 

the  cement  mDrtar  is  sufficiently  »t  lo  be  safe  from  injury.  To  thia  end 
in  wet  trenches  he  shall  keep  a  channel  open  on  each  side  of  the  work  dor- 
inf   its    construction,    wbicb    sball    be    maintained    >o    as    to    catch    the    water 
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The  lurplni  nialerial  taken  from  the  trtncb  it  ID  be  removed  enlin 
from  Ihe  atreet.  or  diipoied  of  in  aifth  a  manner  aa  directed.   »  as  lo  la 

the  city  from  all  damages  or  expense  on  account  thereat. 

The  backtilling  (halt  in  all  caaes  be  left  witb  a  amoolh  and  even  n 
face  and  a  auffident  crown.  Where  required  the  backlilling  shall  not  be  li 
unGniihed  more  than   BnD   feet   behind   the   completed  masonry   or   pipe   woi 

Dilchea  ■ball   be  opened  and  connected  to   the   inlets  of  the  catchbaaii 

surface  of  the  adjacenl  lands  and  ditches. 

The  sewera  shall  in  all  csiea  be  covered  with  earth  to  a  depth  of  n 
less  than  three  feet,  and  where  the  trenches  do  not  fumisb  lu^ienl  n 
terial  the  contractor  shall  supply  such  deficiency  at  hia  own  expense. 

Wben  additional  tilling  is  required  to  be  placed  over  the  aewer  for 
prolection.  tbe  contractor  shall  furnish  and  spread  earth,  cinders  or  ele 
ashes,  free  from  animal  or  vegetable  matter,  in  such  a  manner  and  in  au 
dent    quantity,    so    that    after    it    is    thoroughly    compacted    the    embankme 


are  paved,  graveled  or  macadamized. 
I  with  saltahle  tools  in  layers  not 
i  the  ground  ia  clay,  stiff  loam,  or 
of  a  tenacious  nature.  If  tbe  RcDund  is  sand  or  gravel,  the  backlilling  is  la 
be  puddled  [n  aach  a  manner  as  directed.  After  being  paddled  or  rammed 
lo  the  required  heigbi.  the  pavement  shall  be  relaid  carefully  and  thoroughly 
in  a  manner  adapted  to  its  peculiar  character,   and  to  the  satisfaction  of  Ibc. 

When  the  woric  is  completed  all  surplus  material,  earth,  rubbish,  etc. 
mnt  be  removed  and  the  surface  of  the  streets  included  in  this  contract  must 
be  left  in  aa  good  condition,  in  all  respects,  as  it  was  before  the  commence- 
nent  of  the  work,  and  it  must  be  maintained  In  such  condition  during  a 
period  of  one  rear   after   acceptance  of  tbe  work. 


The   centers,   patterns   and   templets  neccsaary   in 
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baiin   complete   including  the   i 


inches  the  upper  lieader  couraei  ihall  be  removed  until  Che  internal 
letcr  of  the  brick  woric  iliall  be  two  fcft  and  aii  inchti  and  the  Bum- 
ehs'l  be  built  up  oith  new  brick  work  to  the  proper  grade  and  an 
cover  Bct  thereon,  usioB  the  old  cover  if  it  be  in  a  luilable  condition. 
The  price  bid  per  manhole  shall  include  tbe  coal  of  all  the  above  work 
material,  including  not  to  eiceed  two  feet  of  new  brick  work,  excepting 
new    cover,    if    furnished. 

The  covers  of  (he  catch  basins  sball  be  taken  oS  and  the  npper  cooraei 

>:d  manholes.     The  catch  basins  shall  he  cleaned  nut,  and  all  open  joints 
with  fresh  mortar.     When  necessary  the  new  brickwork  shall  be   drawn 
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be  used  io  the  iiu:dt  CDiir^cii.  >hr  smootbol  td(e  of  Ihe  brick  being  laid  to 
the  face. 

No  JDinl   (hall    exceed  one-half   of   >n    inch   in    Ihicknui,    unA    >l)    joint* 
'  on   (ice   ihall  be  trowd-ltrucli. 

If  it  be  neceuary  to  build  more  than  i 
the  cover  of  any  nunhole  or  catch  bann,  ni 
nte  of  two  dollata  per  lineal  foot. 

Each  pip*  is  to  be  laid  on  a  firm  bed,  and  in  perfect  conformity  with  tbc 
line  and  Icvela  given.     The  end*  of  the  pipea  are  lu  abut  close   sgainat  aach 

of  lurface  on  the  interior  of  the  drain.  The  rings  are  to  be  placed  centrally 
aroand  the  jolnti  of  Ihe  pipei.  The  joints  bclwcen  the  rings  and  the  pipe* 
are  to.  be  ai  uniform  at  poisibic  io  thicknes*  and  thoroughly  tilled  with 
mortar;  Each  joint  is  to  be  wiped  clean  of  mortar  en  the  inside  before 
another  length  of  pipe  is  laid. 

The  price  bid  per  lineal  foot  pf  pipe  shall  include  the  eoat  of  all  material 
and  labor,  inciading  ncsvaiion  and  backfillinR,  ind  shall  be  paid  for  all  inlet 

The  mortar  shall  he   made  by  carefully 
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The  earth  muat  be  carefu'ly  replaced  around  all  manholea  and 
basins  and  over  all  tile  pipe  laid  under  thii  contract  in  auth  a  manm 
no    further    •ettiemcnl    will    take    place,    and    it    must   be    thoroughly    i 

direct. 
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ten  feet    from   strixt 

through   the  block*,   c 

ih«  »n«trs  in   s  thorough  »nd   i 

Brick    interieclions    are    lo   be    itrenglhened    by    backinf    up    the    angles    with 

piers  of  maMnry.     The  juitctions  are  to  be  bricked  ofE  at  the  ends,  thoroughlr 

closing  them.     The  pipe  Junctions  are  to  be  closed  by  laying  the  brick  againn 

All  dead  ends  of  the  sewers  src  to  he  closed  with  eight  iochei  of  brick  wort. 

Tbe  ODlleti  for  main  Kwers  are  to  be  built  in  accordance  with  plans  and 
specifications  lupplied  for  each  caae.  The  lerminstions  or  intersections  of  aub- 
mains  and  laterals  with  main  and  sub-maim  respectively,  are  lo  be  made 
through  brick  or  pipe  junctions  preyiously  built.  If  for  any  cause  tbe  junc- 
tion previously  made  in  the  sewer,  with  which  the  contractor  ia  to  con- 
nect, is  10  be  changed  in  siie  or  poMtion.  or  a  new  one  is  to  be  built,  (he 
contractor  shall,   without  eitra  price,  do  all  the  necessary  labor  of  any  fcin<l, 


All  materials,  of  whatever  nature,  required  bi  the  constmctlan  of  the 
seKeri,  caich-basint  and  manholes,  shall  be  new  and  of  the  best  quality,  an.! 
■hall  be  furnished  by  the  contractoT- 

The  bricks  shall  be  the  best  quality  for  the  purpose  for  wWh  they  are 
intended,   uniform   in   quality,    sound    and    hard   burned,    free    from   lime   and 

full  and  square,  and  of  standard  dimensions;  they  shall  be  of  campact  tex- 
ture, and  after  being  thoroughly  dried  and  immersed  in  water  tor  twenty- 
four   hours  shall   not  absorb  more  than   lb  per   cent   in   weight  of  water. 

-aight,  smooth  and  sound,  thoroughly  burned,  well 
9r  other  imperfections,  and  with  the  least  pouible 
variation  from  the  speciiied  dimensions  or  true  cylindrical  ihape.  All  straight 
riipf  must  be  Btraight  in  the  direction  of  the  axis  of  the  cylinder,  with  tbe 
ends  cut  at  right  angles  with  the  axis  of  tbe  pipe  and  the  inner  and  outer 
surfaces  of  each  pipe  must  be  concentric.  The  thickness  of  the  pipe  shall 
be;  For  IS-inch  pipe,  ISi  inches;  for  IS-inch  pipe,  \%  inches;  for  IS-inch  pipe, 
1  inch;  and  for  S-inch  pipe,  1^  inch,  with  a  limit  of  variations  not  exceeding 
yi  of  an  inch  either  way.     When  double  strength  pipe  is  speciiied,  tbe  stand- 
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iru    lunctioBi    ani    branch    junciiona    shill    bt 


of  Loci   Improvcuenti  of  Chuago  b>  be  of  » 

jperior   qoality  and 

ir  work,  and  ahall  1 

by  the   Etzginefr. 

NUuril  cuKnt  riaU  be  K>  fitwlj  ground 

that  »a  per  cent  ol 

will  pan  tbnmgh  ■  rievr  of  100  uMhci  to  Ibc 

lineal  tach,  and  » 

io  Ifac  miial  maimer  for  tensile  ftrength.   ehaU 

give  te,ult.  cotnp. 

■biy  with  the  ben  brandi  of  AmeHean   Natura 

1  Cement.      The  ce 

tested    in    the    utual    nuuner,    ehall    take    an    io 

Portland  cemeni  ihall  be  of  ume  brand  ol 

liahed    by    u*c.      It    ahil)    be    xround    to    that   t 

linelytwo    (■*)    v* 

pats  Ihrongh   a  atandard   Bieve   of   lOO   roeshrj 

10   the   lineal    inch. 

■aixed,  one  ^art  cement  and  three  parti  land. 

ahaU  ihow   a   ten. 

of  two  hundred  pounds   per   square  inch  in   «i 

fen  day.— one  day 

*ix  dayi  ia  water — and  an  increaic  of  nol   leas 

than  ao  per  cent 

■t  the   end  of  twenlyeigbt    daya.   and  an   addit 

tory  and  reliable  brand. 


thoroufUy 
ahall  be  approved 


approved  by  the  Engineer,  any  of  vhich  [he  con 
If  larg^  quantiliea  of  Portland  cement  are  ti 
contractor  ihall  deposit  and  More  the  cement  in 
it  ahatl  lemaiQ  under  the  aupervlsion  of  the  Bo 
until  after  it   has  been   tcsled   and  accepted  by  II 

Tbe  mortar  for  brick  work  ahatl  be  made  ] 
tborooghly  incorporating  one  pan  of  natural  cemt 
aharp  eand  in  dry  Oate,  mixed  with  clean  watei 
■nd  ahall  he  uaed  whl!e  freih,  and  the  use  of 
then  been  reiempered  will  not  be  allowed.  The 
tewers  shall  consist  one  part  of  natural  cement  i 
niied    and    used    aa   above    specified,    all    to    be    I 


dean  torpedo  sand  and  six  parts  of 
good  qaality,  graduated  in  size,  angi 
day.  All  stone  most  be  broken,  so  ai 
half  Inches  in  diameter.  The  cement 
be  thoroughly  mixed  dry,  until  the 
gbatl  be  wet  with  ai  litUe  water  as  w 
ongbly  worked.     The  stone  shall  be  Bd< 


ovCiooglc 
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All    outerialB,    of    whsicvcr   nsiurc,    ihall    be    impeclrd    upun    ilie    gromiil 

mmediately  report  the  nme  to  the  Engineer  in  eharge  of  work,  and  the 
contractor  shall,  when  notllifd  by  Hid  Engineer  or  inspeclor,  al  once  re. 
move  said  defective  or  poor  material   from   the  line  of  the   work. 

Impectors   will    be   appointed    whose   duty    it   shall   be   to    report    to    their 

but  the  right  of  final  acceptance  or  condeinnation  of  the  work  will  not  be 
waived  thereby,  nor  by  any  other   act  of  the  City   of   Chicago  by    its   ofBcen 

If  at  any  time  during  the  progrew  of  the  work  any  rejected  or   inferior 
material*  (hould  be  found  in   tl 
be   improperly  done,   such  matei 


\iiee   directed  by   the   Engineer;   but  the  pn 
said   Engineer  or  Inspector  shall   in  no  way 

or    poor  workmanship. 

on  ihis  contract  of  his  intention  to  do  bo,  ai 
gion  of  the.  work,  he  shall  give  a  similar  nt 
The  contractor  will  be  required   to  dig 
the  linee  and  levels  for  the  work  in  time  for  the  dail 

The  contractor  shall  furnish  all  necessary  facilities,  should  it  be  deemed 
advisable  by  the  Board  of  I.ncs]  Improvements  to  make  an  examination  of 
any  work  already  completed.  If  the  work  is  found  defective  in  any  respect 
tbe  tontraclor  shall  defray  the  expense  of  such  examination  and  of  uti*- 
faclory  reconstruction.     If  the  work  is  perfect,  such  expense  will  be  allowed  for. 

All  the  work  shall  be  executed  in  the  best  and  most  workmanlike  man- 
oct  and  no  improper  material  shall  be  nsed,  but  all  materials  of  every 
kind  shall  fully  answer  the  specifications,  or  i(  not  particularly  ipedfied. 
shall  be  suitable  for  the  place  where  used  and  satisfactory  \o  the  Board 
of    Local    Improvemenla. 

Whenever  the  word  "Engineer"  is  oaed,  it  is  understood  to  mean  the 
Board  of  Local  Improvements,  any  member  of  the  Board,  the  Engineer  of 
tbe  Board,  or  in  his  absence  his  duly  appointed  assistaiii  or  inspector  rep- 
g  him.  limited  to  the  special  duties  imposed   on  esch. 
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measurement  of  any  kind  will  be  allowed  in  meanirini  the  work  under 
tbcM  ipceiiicatiDni ;  but  the  actual  length,  area,  solid  conlent*  or  number 
■hall  b«  cinuidered  and  the  length  ihall  be  meaiured  on  the  center  line  of 
the  work  whether  itraight  or  curved.  Tbe  contractor  wi:i  be  paid  the  con- 
tract price  for  each  unit  of  work  done,  which  price  will  include  the  ca« 
of  ail  work  herein  described,  including  all  junction*,  manbolea  and  catch- 
No  claim  whatever  will  be  allowed  the  contractor  for  extra  work  or  ma- 

unlesa  aome  change  in  or  addition  to  uid  work,  requiring  additional  outlay  by 
the  contractor,  ghall  linl  have  been  ordered,  in  writing  by  the  Board  of  Local 
Improvements,  uid  writing  In  be  attached  to  the  contract  for  the  making 
of  aaid  improvement,  and  staling  thai  such  work  Is  not  included  in  the 
contract,    what    the   extras   are,    and    that   such   are   necessary    for   tbe    proper 

■nd   the   reaaoo    therofor. 

The  Board  of  Local  Improvementi  reserves  the  right  to  inalie  any  change 
in  the  plans  and  specifications  that  it  may  deem  desirable  or  necemry, 
which  chance  may  increase  or  diminish  the  quantity  of  material  or  labor 
or  tbe  at|>ens<^  and  auch  change  shall  not  violate  or  annul  the  contract  or 
agreement  hereby  entered  into,  but  the  contractor  shall  furnish  the  necea- 
aary  labor  and  material  lo  complete  the  contract  as  amended.  The  value  of 
the  work  ao  added  or  omitted  shall  be  added  to  or  deducted  irom  the  con- 
tract price  aa  the  case  may  be,  and  the  delertninalion  of  auch  value  shall 
be  based  on  the  rates  and  prices  named  in  this  contract,  when  auch  rale* 
and  prices  can  be  equilibly  applied,  otherwise  the  va:ue  ihall  be  determined 
by    mutual    agreement    between   the    Board   of    Local    Improvemeata   and    the 

If.  for  any  cause,  the  Board  of  Local  Improvements  finds  il  necessary  or 
deairable  to  suspend  operations  for  any  cooalderable  length  of  time,  it  li 
to  be  done  by  the  contractor  on  due  notification,  and  he  will  not  be  entitled 
Id  any  damages  of  any  kind  or  nature  whatsoever  because  of  such  detention. 
He  will,  however,  be  allowed  further  time  in  tbe  completion  of  hia  contract 

or  from  any  detention  or  other  unforeseen  nr  unusual  obstruction  or  diffr 
enhy,  which  may  be  encountered  in  the  prosecution  of  the  work,  or  fron 
die  action  of  the  elements,  shall  be  sustaitied  by  the  contractor. 


It  is  understood  and  agreed  thai  all  labor  and  material  shall  be  of  such  char- 
acter that  tbe  entire  work,  including  the  restoration  of  the  aurface  of  the  street, 
■hall  be  and  remain  in  good  condition  during  the  entire  period  of  one  year 
from  the  acceptance  of  the  work,  and  the  contractor  hereby  agrees  to  keep 
in    perfect    repair,    during    auch    period,    the    whole    of    hia    work,    except    In 
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cntt  where   the   repairs   mflf  be  rendered  necesMTy  by   cauufl  dearly  beyond 

In  Ihe  event  thii  u^  paiemcDt,  lidewalk,  crosiing  or  aihet  surfoce 
whieh  may  have  been  diaturbed  in  the  proiecuUon  of  the  work  ahall  not 
be  reitored  by  the  contrKtot  within  a  reaaonaUc  time  after  the  completion 
of  the  work  and  the  acceptance  of  the  ume  by  the  Board  of  Local  Improve- 
menti,  or  if  any  inch  pavement,  tidewalfc,  crQ»»ing  or  surface  shall,  beiauae 
of  the  settlement  of  the  back-filling,  be  in  bad  condition  during  the  period 
of  the  year  after  the  acceptance  of  the  work,  or  if  any  of  the  contractor's 
work  shall  be  found  defective  or  incomplete  during  such  period,  and  tiie 
contractor  shall  neglect  to  repair  such  defective  work  within  IS  days  from 
the  date  of  a  notice  from  the  Board  of  Local  Tmprovernents  directing  him 
to  make  such  repairs,  then  the  City  of  Chicago  may  make  such  repairs  and 
restoration  of  the  street  at  the  expenu  of  the  contractor  and  shall  deduct 
the  cost  thereof   fro:n  any   money   belonging  to  the   contractor   in  the   control 
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ic  Roard  of  I-ocal  Improvcmcnli  lo  comply  with  Ih 
inane*  in  r*»»rd  to  unpaid  Bub-contraciors,  workme 
no  win  a(F«ct  the  liibtlity  of  the  conlnctor  or  hi 
r   lo   th«  p«r»n«   who  are    or   who   mo/   have  been   i 


t  apecilicaliona  for  Chicago.) 
t  4icdiication>  for  Chicago.) 


The  work  to  bi  ptrformed  under  Ihi 

tit  specifications 

shall   be 

conunenced 

within    fifleen    (15)    days    atier   the    limi 

:    of   tifning   Ih. 

and   Ihe   jaid   lime  specified  for   eompletU 

jn  of   the  work 

■a   ai.  '«» 

w^tiai'  coil'- 

dition  of  this  contract.     Provided,  how« 

'cr,  that  if  the 

i9    deUyfd 

hy  the  cilr  in  the  commencement  of  thi 

t  work,  or  in   . 

sse  the   w 

ork  is  sus. 

not   ha^e   been    fully   c 
permits  ahall   not  entil 


specified   shall  be  assigned  or  suh-conlracted 
the    Boicd    of    Local    Improvement!,    and    in 

the  termi  of  IhU  agreement. 


If.  In  the  prosecution  of  said  work,  it  shall  be  necessary  to  dig  up,  use 
or  occopy  any  street,  alley,  highway  or  public  grounds  of  said  city,  the 
contractor  shall  erect  and  maintain  such  strong  and  suitable  barriers,  and 
also  during  the  night  time  such  lights,  as  wilt  effectually  prevent  the  hap- 
pening of  any  accident  or  harm  to  life,  limb  or  property,  in  the  consequence 

grounds,  and  the  contractor  shall  be  liable  for  all  damages  of  every  kind 
and  nature  occasioned  by  reason  of  hia  failure  to  comply  with  any  of  the 
provisions  mentioned  in  this  paragraph.  Said  contractor  shall  also  be  liable 
for  any  damage  to  persons  or  property  occadoned  by  the  negligence  of  such, 
rontractor.  his  agents,  employes,   workmoi  or  assignees. 
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The  c«Dtrsclor  will  nol  be  illowed  to  occupy  or  uk  anj  laont  lot  *t  ■  de- 
posbory  for  >ion«,  ond.  Brawl  or  alhet  tniterisl.  without  wriltcn  pcrmiwion  ol 
the  owner  or  agfnt  of  lK«  land,  a  copy  of  wbLcb  sball  be  filed  with  the  Board 
of  Local    ImproireiMnM. 


All  railroads  not  required  to  Vt  taVen  up  muit  be  kept  in  running  order 
where  practicable.  No  allowance  will  be  made  ior  delaya  or  other  damages 
occaiioned  b;  the  neceuitj  of  keeping  the  railroads  in  conitant  mnning  order, 
replacing  the  aanie  when  il  is  necCBaary  Co  do  n. 


The    Board    of    Local    Improve. 


t   speciGcations    for    Chicago.) 


(NoTi-~S«  street  ipecificatians.  Chicago.) 

accEriAHCk  oa  ujacTwn  or  iiiii. 

All  bid)  will  be  made  nibject  to  the  righta  of  the  owners  o(  a  majoritt 
•f  the  fronUge  lo  contract  foi  said  wark,  as  provided  for  in  Section  BO  of 
■n  Act  of  the  Genera]  Awembly,  approied  June  14,  1897,  and  in  force  July 
1,  18BT,  and  the  amendmenU  thereto,  and  upon  the  eiprcss  condition  that 
when  a  bid  is  accepted  hy  the  Gty  of  Chicago  and  the  owners  of  a  oiajoritj 
of  the  frontage  fail  or  neglect  to  avail  themselrei  of  (he  provisions  of  nid 
Section  SO,  if  guch  original  bidder  fails  or  refuses  for  fifteen  days  after 
tbe  first  posting  or  publication  of  the  notice  award,  or  in  case  a  contract  be 
made  by  the  owners,  and  default  by  them,  then,  within  ten  days  after  notice 
that  sucb  owners  are  in  default,  to  enter  Into  a  contract,  then  the  certified 
check  depouted  with  the  Board  of  Local  Improvemenla  with  such  bid  shall 
be  thereby  forfeited  to  the  City  of  Chicago. 

to   the   Gty  of   Chicago   upon   debt   or   contract,   or   who   may    be  in   defaoH 

time  on  an;  previous  work.  Companies  or  finns  bidding  for  the  work  heieiD 
described  muit  state  in  the  proposals  Ibe  individual  names  and  places  of  resi- 
dence of  the  persons  comprising  sach  company  or  firm. 

The  Board   of  Local   Improvements  expressly  reserves  the  right  to  r^ed 
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any  or  •ll   Wdst  or  lo  accept  bid*  Kpantely   m  to   any   part  of  Iht  wotk, 
or   lo   accept   any   bid  in   the  aggtegate. 

Tbc  underaigned  bcreby  ctrtilici  that  be  bai  read  the  foccgoing  Ipccifi- 
caliong.  and  that  hia  proposal  for  Ibe  work  Is  baaed  on  tfae  conditions  and 
requirements  embodied    Iherein.    and   should    Ihe   contract  be   awarded  to   bim 

Name    

Name    

Name    

Reaideace    

PIPE  SEWERS. 
A  good  specification  for  laying  pipe  sewers  from  Engineering 

Only  one  man   under   each  inspeclor  shall  be  aDowed  to   lay   tiles  on  the 


Tile  jiipes  shall  be  no  laid  as  10  be  evenly  supported  Ihroughout  the 
i%lic.le  length  of  the  barrel,  with  no  weigh!  resting  on  the  bcH.     If  the  Irencii 

be  used  to  raise  Ihe  pipe  to  grade,  but  an  even  bed  shall  be  formed  at  sand 

Joints  ahall  be  made  as  fotloivs:  (I)  Line  uilh  mortar  llie  1o>ver  third 
of   Che  entire  circumference  of  the    hell;    fi)    insert   the   nine  to   be  laid   and 

line;  (4)  caalk  the  gasket  tightly  into  Ihe  joint:  (S)  nil  ihe  joint  with 
mortar  mixed  rather  stiff,  using  a  rubber  mitten;  (fli  lamp  mortar  into  joint 
with  an  approved  tool  unlit  it  is  solidly  filled:  (!)  smooth  on  morUr,  using 
a  rubber  mitten,  until  its  BUrface  makes  a  bevel  of  not  more  than  80  degrees 
with  the  pipe:  (S)  protect  the  cement  (preferably  with  burlap),  and  fill 
around   the  barrel    of  pipe   with   sand  or  similar   material,   tamping  aolid  with 

material:    (III)   clean  out  and  point   joint  on   inside  of  pipe. 

On  pipes  less  than  12  inches  in  diameter  cleaning  out  may  be  done  wilb 
a  bag,  stuffed  so  as  to  tightly  fill  Ihe  lile,  drawn  through  each  length  of  tile 

filled  with  cement;  inpes  larger  than  !*<  inches  shall  have  Ihe  lower  half 
poinled,  and  larger  than  i*  inches  the  whole  of  the  joini,  using  neat  cement 
on  the  top  half  if  necessary. 

(Note.— The  writer  fails  to  see  the  necessity  for  specifying 
a  gasket  in  sewer  pipe  joints  except  when  the  sewer  is  laid  in 
water  or  in  running  water.  In  such  case  mud  might  get  in  or  the 
cement  be  washed  out  of  the  joint.  The  gasket  should  lie  dipped 
in  neat  cement  grout.    When  the  trench  is  dry  and  it  is  reasonably 
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certain  the   mortar   can   set  before  any    water   can   get   in 
the  joints  he  prefers  to  have  the  joints  filled   with  a  Stiff  i 
All  sewer  pipe  should  have  extra  wide  and  deep  sockets  no 
whether  it  is  double  or  ordinary  strength  shell.) 

LUMBER  LEFT  IN  TRENCHES. 

In  small  places  it  is  not  customary  to  leave  lumber  ii 
Tbe  writer  has  had  inquiries  as  to  why  it  is  done. 

If  the  ground  has  any  tendency  to  slide,  the  filling  in  the 
trenches  will  settle  too  slowly  to  oppose  any  force  to  the  squeezing 
in  of  the  banks.  When  there  are  water  pipes  or  gas  pipes  or  any 
underground  conduits  that  may  sutler  if  joints  are  evened,  care  must 
be  taken  to  prevent  their  alignment  being  disturbed.  If  the  street  is 
not  very  wide  and  the  foundations  of  the  buildings  on  either  side 
do  not  get  below  the  bottom  of  the  trench  there  is  apt  to  be  settle- 
ment In  such  cases  it  is  customary  to  require  tbe  contractor  to 
leave  bracing  and  timbers  in  place  to  act  as  retaining  walls  until 
the  filling  settles  and  can  take  care  of  the  pressure.  Too  many  cross 
braces  can  not  be  left  in,  for  it  will  interfere  with  the  settlement 
of  the  earth.  Lumber  for  such  purposes  does  not  have  to  be  first- 
class.  Care  is  to  be  taken  that  the  contractor  does  not  persuade  the 
man  in  charge  to  leave  too  much  in  place.  As  a  usual  thing  he  gets 
a  good  price  for  such  material  and  is  anxious  to  leave  it  and  be  paid 
for  it  as  it  is  likely  to  be  left  on  his  hands  after  the  work  is  done. 
It  can  be  used  only  for  similar  work. 

SINKING  OF  PAVEMENTS  OVER  TRENCHES. 

Careful  filling  of  trenches  with  the  earth  thrown  back  in  thin 
layers,  dampened  and  tamped,  will  go  far  towards  preventing 
sunken  places  in  pavements  over  sewer  and  water  pipe  trenches 
and  other  simiLir  excavations. 

When  trenches,  however,  have  been  opened  in  paved  streets 
liaving  a  concrete  base,  it  is  a  good  plan  to  cover  the  trench  with 
a  reinforced  concrete  slab.  To  do  this  trim  the  edges  of  the  con- 
crete base  on  an  angle  for  the  lower  half  of  the  thickness  and 
iheii  flat  for  a  few  inches  more,  to  form  a  berm.  Fill  in  to  the 
original  thickness  with  concrete  reinforced  in  the  bottom. 
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FLOW  OF  WATER. 
The  following  i;ib1c  is  taken  from  the  catalogue  of  a  sewer-pipe 
company  and  is  so  common  a  feature  in  such  publications  that  it 
can  hardly  be  new  to  the  readers  of  this  book.  The  formula  used 
in  calculating  it  is  an  old  and  simple  one,  no  longer  used  except 
for  tile  drainage  and  second  quality  sewer  pipe  used  for  drainage 
purposes.  The  table  gives  fairly  reliable  results,  however,  and  is 
useful  for  pipe  culverts. 

CASBTma  CAFACITT-QALLOttS  EBB  itmOTl!. 


lid. 

lin 

a 

61a. 

tt 

tfbot 

ifMt 

jftct 

fall 

bll 

hll 

fall 

fall 

VaU 

Pipe. 

per 

pe' 

per 

per 

per 

per 

per 

per 

ISO  ft. 

looft. 

100  ft. 

imR. 

looft. 

lOoft. 

■ooft. 

lOdft. 

3 inch. 

9 

12 

»S 

22 

27 

31 

44 

54 

4    '■ 

ao 

18 

35 

SO 

62 

71 

124 

6    " 

63 

89 

.56 

194 

324 

317 

389 

8    " 

140 

198 

246 

348 

43a 

499 

706 

864 

9    " 

196 

277 

339 

480 

ei 

687 

971 

1180 

z6i 

369 

457 

648 

928 

1310 

16 10 

432 

612 

758 

1330 

«S30 

2170 

2660 

'1    W 

800 

1 130 

1400 

Igto 

2450 

2830 

4010 

4910 

i8    " 

13ZO 

i860 

2310 

3260 

4040 

4660 

6590 

8080 

lo    " 

1730 

2500 

3060 

4330 

5305 

6130 

8660 

10610 

'*    » 

2910 

4110 

5035 

7191 

8810 

10270 

14520 

17790 

27    " 

5680 

6960 

9840 

11050 

13920 

19680 

24110 

30      ' 

7618 

9320 

13180 

18640 

26350 

32280 

33 

9840 

12050 

17040 

20865 

24090 

34070 

41730 

36    " 

8800 

I24SO 

IJZIO 

2156^ 

26410 

30500 

43>30 

S2820 

The  standard  formula  is  the  Chezy  formula. 

where  V  =  velocity  in  feet  per  second, 

c  is  a  co-efficient  found  by  means  of  Kutters*  formula. 

r  is  the  hydraulic  mean  radius  found  by  dividing  the  area  of 
the  water  (cross  section)  by  the  wetted  perimeter. 

s  is  the  fall  in  feet  divided  by  the  length  in  feet. 

Old  hydraulicians  tried  to  secure  a  simple  formula  which  would 
be  generally  applicable.  It  was  found  that  there  was  a  fairly  con- 
ttant  relation  existing  between  slope,  area  and  velocity,  for  water 
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M  inclined  to  run  down  hiti  and  Ihe  law  of  its  flow  i 
Friction  modified  tlie  flow  so  the  area  of  the  sti«ani  was 

/(utfer's  formula. 


C=- 


C  = 


..  =v^- 

Modified  for  ordinary  use. 

41.6 -^-t^"- 


H^T 


riynrfs  simp/ified  fluff er.. 
c  K 

1 1-44.41  ^■^~ 

Follow /n^  Yo/ues  of /f a^ply  Ofj/y 
to  p/pes  and  conduils  (notearfhef? 
channels). 


n 

H 

/7 

K 

n 

K 

.oos 

■  010 

.oil 

Z4-S.63 
S2S.SI 
209.0S 

■OIZ 
.013 
■OlS 

/3SJ3 
IB3.7Z 
J6S.H- 

.on 

■ozo 

.OSSS 

ISO.M- 
I3*.96 
/l*.30 

aa  waa  the  wetted   surface  of  the  channel  and    its   length.     For 
ftra^ht,  dean,  smooth  pipes  a  fairly  good  formula  could  be  used. 
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but  in  channels  differing  from  such  pip«s  so  many  elements  of 
retardation  entered  in  that  Chezy  introduced  into  the  general 
(orniuU  his  co-efficient  C  and  recommended  certain  values.  The 
extensive  experiments  of  two  Swiss  engineers,  Ganguillet  and 
Kutter,  gave  us  a  formula  with  which  to  obtain   c. 

The  formula  is  very  complicated  and  diagrams  and  tables  have 
been  extensively  used  to  lighten  the  labor  involved.  The  second 
form  shown  is  one  that  gives  results  close  enough  for  the  ordinary 
work  of  calculating  drains  and  sewers.  The  third  form  is  one 
used  by  Flynn  to  calculate  his  tables  in  Van  Nostrand's  Science 
Series  Nos.  67  and  64.  He  extended  these  tables  in  his  larger  and 
later  work,  "Irrigation  Canals,  etc.."  but  it  is  now  out  of  print  and 
the  plates  destroyed. 
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It  will  be  seen  that  in  attempting  to  find  a  value  for  the 
co-efBcient  c,  another  co-efficient  must  be  assumed.  This  is  known 
as  n,  or  the  co-efficioit  of  roi^hness.    It  varies  as  follows  (Traut- 

Sides  and  bottom  of  channel  lined  with  well-planed  lumber. ,     .009 

Neat  cement  (also  glazed  pipes  and  very  smooth  iron) 010 

Concrete,  3  sand,  1  cement  (also  smooth  iron) Oil 

UiHjIaned  lumber  and  ordinary  iron  pipes 012 

Ashlar  or  brickwork .013 

Rubble  .017 
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CHANNELS  WITH  ntREGULAR  CJtOSS   SECTION. 

Canals  in  ver;;  firm  gravel .020 

Otnals   and   rivers,    fairly  uniform   cross   section,   slope   and 

direction,  fairly  good  order,  free  from  stones  and  weeds.     -OSS 

Having   stones   and   weeds   occasionally 030 

In  bad  order  and   condition,   overgrown   with   vegetation  and 

strewn  with  stones  and  detritus .035 

Two  diagrams  are  presented  here  for  illustrating  the  relations 
of  flow  and  diameter  in  circular  conduits.  The  first  shows  that  the 
theoretical  capacity  of  a  pipe  is  1.07  times  the  full  capacity. 

The  diagrams  are  made  from  some  in  nse  in  Chicago  and  other 
cities.  The  diagram  showing  velocity  and  quantity  is  calculated 
for  pipe  sewers  flowing  full.  It  is  useful  and  saves  much  tedious 
labor  in  computing  ilo«-.  Similar  diagrams  can  be  made  for  brick 
sewers  and  for  egg-shaped  as  well  as  circular.  The  sizes  given, 
however,  are  those  commonly  used  in  small  places. 

The  quantity  of  water  carried  by  a  closed,  or  open  channel  is, 

Q='av 
where  Q  =  cubic  feet  of  water  per  second. 

a  is  area  of  channel  in  square  feet. 

V  is  velocity  in  feet  per  second. 

Colby's  Sewer  Computer  is  a  slide  rule  graduated  after  nutter's 
formula,  the  co-efficient  n  being  taken  at  0.013,  It  gives  the  rela- 
tions between  discharge,  diameter  and  grade  for  round  sewers  from 
6  inches  to  20  feet  in  diameter  and  for  egg-shaped  sewers  from 
12xia  inches  to  12x18  feet,  and  the  grades  for  either  from  O.OS  to 
20  pet  cent.  The  rule  is  20  inches  long.  The  price  is  $10.00. 
I  Crane's  Sewer  Slide  Rule  is  based  on  McMatb's  formula  for 
amount  of  storm  water  and  Kutter's  formula  for  capacities  for 
circular  sewers  from  6  to  180  inches  diameter  and  egg-shaped 
sewers  from  18  to  SO  inches  horizontal  diameters,  ratio  of  radii 
being  3  t  2.    The  rule  is  JO  inches  long.     The  price  is  $2.00. 

In  estimating  the  site  of  drains  it  was  formerly  the  custom 
to  allow  one  inch  of  rainfall  per  hour,  as  it  amounted  to  almost 
exactly  one  cubic  foot  per  second  per  acre. 

The  local  rainfall  must  be  a  factor  and  the  use  of  storm  water 
formulas  is  not  to  be  commended  unless  they  are  used  with  great 
judgment.  It  is  not  always  easy  to  secure  good  local  rainfall 
records.  The  first  effort  made  should  he  in  the  way  o(  corre- 
^Kmdence  with  the  Weather  Bureau  and  the  State  Unirerrify:'   If 
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no  help  can  be  obtained  from  those  sources,  and  the  drains  can  not 
watt  ten  or  twenty  years,  the  oldest  inhabitants  may  be  pressed  into 
servict 

If  10  per  cent  of  the  heavy  rains  recorded  fall  in  thirty 
minutes,  then  a  thirty-minute  rainfall  is  a  good  guide  in  design- 
ing a  main  storm  water  drain  in  a  somewhat  closely  built  residence 
district.  Fifteen  minute  rains  should  be  taken  into  consideration 
in  planning  drains  for  a  well-paved  business  district. 

For  ordinary  cases,  two  inches  of  rainfall  per  hour  should  bt 
estimated.  When  estimating  the  amount  of  water  to  be  disposed 
of  there  must  be  taken  into  consideration  the  slope  of  the  surface, 
the  proportion  of  impermeable  area,  the  average  rate  of  precipita- 
tion in  cubic  feet  per  second  per  acre,  and  the  drainage  area  in 

A  very  valuable  paper  was  read  before  the  Western  Society  of 
Engineers,  February  7.  1906,  on  the  area  of  water  ways  foi  rail- 
road culverts  and  bridges  and  was  published,  together  with  the 
discussion,  in  the  April  number  of  the  proceedings.  This  can  be 
obtained  from  the  secretary,  1734  Monadnock  block,  Chicago,  III, 
for  fifty  cents.  It  contains  much  of  value  on  the  subject  of  cul- 
verts that  will  be  interesting  to  city  engineers. 

Slope  plays  a  large  part  in  the  flow  of  water  from  a  certain 
area  into  the  drains.  In  a  city  having  many  hills  the  water  reaches 
the  drain  sooner  than  where  the  surface  is  flat  and  the  slope  light. 
In  hilly  i^aces  it  may  take  only  one  and  one-half  to  two  times  the 
duration  of  the  storm  to  carry  off  the  water.  In  a  city  very  flat 
and  with  extremely  light  slopes  it  may  take  from  three  lo  five 
times  the  duration  of  the  storm  for  all  the  water  to  reach  the 
drain.  When  the  point  of  saturation  is  reached,  all  the  flow  goes 
to  the  sewers,  so  a  proper  formula  must  take  into  account  this 
matter  of  saturation  of  ground.  A  long  light  storm  may  lax  a 
drain  more  severely  than  a  short  heavy  burst. 

The  following  rules  are  in  common  use  for  culvert  work: 

The  following  is  much  used  on  railroads: 

S  =  C\^ 
where  S  is  the  sectional  area  of  the  culvert  in  square  feet. 

C  is  a  constant  taken  as  3  for  a  sandy  porous  soil;  4  for  a  flat 
and  partly  porous  surface;  5  for  a  partly  porous  surface  where  the 
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rains  are  heavy,  and  7  where  the  rainfall  is  very  heavy  and  the 
slopes  steep  and  bare. 

a  is  the  area  in  acres  to  be  drained. 

The  Fanning  Formula  is ; 

Q=200  A* 
where   Q  is  the   discharge  in  cubic    feet  per  second   and  A  the 
drainage  area  in  square  miles. 

Using  the  same  notation  the  following  formula  is  quite  widely 
used  in  irrigation  works  and  for  railroad  purposes : 


in  which  C  is  0.66  for  steep  and  rocky  ground;  O.S.'l  for  rolling 
ground  when  the  length  of  the  valley  is  .T  times  the  width ;  O.a 
when  the  length  of  the  valley  is  about  S  times  the  width. 

Nearly  all  engineers  have  given  up  the  attempt  to  make  a 
genera!  formula  do,  as  conditions  vary  so  greatly,  but  the  formula 
in  most  common  use  in  cities  (as  a  guide  merely  to  indicate  a  line 
of  study  of  the  subject)  is  the  Burkli-Ziegler,  as  follows : 


where  C  is  a  constant  varying  from  0.75  for  paved  streets  and  0.31 
for  macadamized  streets  to  0.15  for  a  fairly  porotis  soil, 

R  is  the  average  rate  of  rainfall  (during  heaviest  fall)  in 
cubic  feet  per  second  per  acre. 

S  is  the  general  slope  of  the  area  per  1,000, 

Q  is  equal  to  the  cubic  feet  per  second  per  acre  reaching  the 

A  is  the  drainage  area  in  acres. 

The  McMath  formula  was  devised  for  use  in  St.  Louis  and 
any  city  similarly  situated  can  use  it  with  a  proper  value  of  R, 
which  at  St.  Louis  is  2.T5  inches. 

6  Ps~ 

The  first,  rules  and  formulas  given  may  be  used  for  culverts  and 
drains  in  the  outlying  districts,  but  for  thickly  settled  parts  of 
cities,  some  local  modification  of  the  last  two  formulas  should  be 
used,  in  the  absence  of  anything  better. 
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A  sewer  should  have  a  fdf'deanring  velodtTi  and  tilts  is  not 
lar  from  2!-i  feet  per  second. 

BauRieister  gives  the  following  empirical  fonniila  for  the  mini- 
mum  grade* 

Minimum  grade  per  cent  =  n'i  Tfl 

where  d  is  the  diameter  in   inches   of  a   circular  sewer  or    the 
diameter  of  the  lower  part  of  an  egg-shaped  sewer. 

Colonel  Moore  gives  the  following  for  a  limiting  velocity  of 
2.6  feet  per  second: 

7^ 
'TIT 


H  =1 


where  H  is  the  fall  in  feet  per  mile  and  R  is  the  hydraulic  mean 
radius,  the  diameter,  of  course,  being  assumed. 

In  planning  a  sewerage  system  it  is  common  to  figure  that 
six  gallons  of  sewage  per  capita,  in  the  dbtrict  served,  will  reach 
the  sewer  each  hour.  With  an  ordinary  town  the  population  will 
vary  from  twenty  to  sixty  per  acre.  The  greatest  density  in  any 
certain  district  is  sometimes  taken  as  the  maximum  density  of 
the  outlying  districts  for  the  next  twenty  years,  and  the  district 
with  maximum  present  density  is  assumed  to  increase  SO  per  cent 
in  that  time. 

Such  methods  are  of  course  empirical,  but  the  matter  of  future 
growth  is  one  hard  to  estimate  because  of  local  conditions.  The 
statistics  of  the  U.  S.  Census  Bureau  show  that  in  ten  years  the 
average  increase  in  population  of  American  cities  was  over  30 
per  cent.  The  largest  increase  was  in  places  having  less  than 
ten  thousand  inhabitants,  the  increase  there  being  nearer  3tt  per 
cent. 

When  building  sewers  in  wet  grotmd  it  is  a  good  idea  to  use 
perforated  invert  blocks.  They  provide  channels  for  the  subsoil 
water  to  escape  during  construction  and  are  a  great  convententx. 
If  it  is  desired  to  have  them  act  always  ai  drains,  proper  arrange- 
ments can  be  made  at  manholes  to  connect  them  across  the 
bottom. 

Wherever  possible  the  tops  of  all  sewers  entering  a  manhole 
should  be  at  the  same  elevation.  This  insures  a  flow  in  the  smaller 
pipes -when  the  outlets  are  half  full. 

When  a  pipe  sewer  enters  a  manhole  at  a  considerable  bdgbt 
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above  the  IxHtotn  it  is  usual  to  put  a  T  in  the  bottom  ot  the  pipe 
just  outside  the  manhole  and  run  a  vertical  pipe  from  it  to  a 
point  where  it  i^an  enter  the  manhole  near  the  bottom  with  a  curved 
elbow  The  short  section  between  the  T  and  the  inside  of  the 
manhole  will  only  be  used  for  inspection  purposes  or  may  be  of 
service  when  the  sewer  is  crowded  and  running  full  and  fast. 
Inverted  siphons  are  used  occasionally,  but  it  is  best  to  avoid 
them  if  possible.  An  inverted  siphon  usually  has  a  manhole  at 
each  end  and  the  pipes  are  laid  straight  from  one  to  the  other  to 
admit  of  easy  inspection.  As  a  sewer  is  usually  planned  for 
future  needs  an  inverted  siphon  is  usually  built  with  two  or  more 
pipes  of  half  the  diameter  of  the  sewer.  They  are  generally  of 
metal  and  have  gates  at  the  upper  end.  One  pipe  is  used  until 
it  is  seen  to  be  crowded,  when  another  pipe  can  be  called  into 
service.    The  details  should  be  planned  by  a  specialist  in  sewer 

The  writer  has  frequently  been  compelled  to  let  down  a  water 
main  when  it  was  at  an  elevation  to  interfere  with  the  laying  of  a 
sewer.  Assuming  the  pipe  to  be  not  more  than  twelve  inches 
in  diameter  the  process  is  to  excavate  underneath  the  pipe  and 
leave  pillars  of  earth  at  the  joints,  for  a  distance  of  from  forty  to 
sixty  feet  each  side  of  the  sewer.  The  pipes  should  be  full  of 
water  while  the  work  is  being  done. 

When  the  bed  is  ready  a  man  should  be  stationed  at  each 
pillar  of  earth  and  all  should  commence  undercutting  at  the  same 
time.  The  pipe  will  sink  slowly  into  its  new  position  and  the 
caulkers  should  at  once  begin  recaulking  the  slightly  opened  joints. 

If  the  drop  will  be  considerable  the  pipe  can  be  held  by 
chains  passing  over  heavy  timbers  laid  across  the  trench  and 
lowered  or  raised  by  Ihe  chains  by  means  of  house  raising  jacks. 
Great  care  must  be  taken  to  work  rapidly  and  uniformly,  withdut 
haste,  to  avoid  breaking  the  pipe  open  al  the  joinis.  If  (he  pipe 
is  to  be  raised  to  go  over  the  sewer  instead  of  underneath,  brick 
piers  must  be  built  under  each  joint  and  the  space  underneath 
filled  with  sand  flushed  into  place.  It  is  usually  better  and  more 
convenient  to  lower  a  pipe    than  to  raise  it. 

Overflows  are  occasionally  required  to  carry  off  an  excess 
of  storm  water.  The  writer  ha?  frequently  run  across  them 
where  the  engineer  has  run  a  small  pipe  as  an  overflow  from  the 
top  of  a  pipe  sewer  to  the  bottom  of  a  storm  or  overflow  sewer. 
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When  the  overflow  sewer  filled  it  backed  into  the  other.  The 
bottom  of  the  overflow  pipe  should  always  enter  the  overflow  drain 
at  the  top,  or  be  a  few  inches  over  it,  and  drop  in  through  a  slant. 

The  constant  flow  is  termed  the  "foul  flow."  This  must  of 
course  be  taken  to  a  disposal  plant,  but  when  augmented  by  large 
quantities  of  drainage  water  the  dilution  is  so  great  that  the  tem- 
porary excess  can  be  led  off  and  disposed  of  where  the  surface 
water  is  generally  discharged.  This  is  accomplished  by  separating 
devices  so  arranged  that  a  certain  number  of  cubic  feet  of  foul 
flow  per  second  is  taken  care  of,  after  which  the  excess  is  turned 
off  into  other  channels. 

The  most  simple  form  is  a  pipe  leaving  a  manhole  at  such  a 
height  that  when  the  outlet  sewer  is  running  full  the  upper  pipe 
will  take  the  surplus. 

Such  a  simple  device  is  not  always  possible,  and  the  two  fol- 
lowing described  are  often  used.  One  comes  iil  one  of  two  forms ; 
a  small  sewer  pipe  with  an  overflow  weir  discharging  into  a  lai^er 
pipe;  and,  a  large  pipe  having  a  small  outlet  that  takes  all  the 
foul  flow  and  in  time  of  storm  takes  a  maximum  flow,  after  which 
the  rest  goes  into  the  remainder  of  the  length  of  large  pipe. 

In  the  first  case  the  small  pipe  is  carried  in  the  wall  of  a 
chamber  for  the  length  of  (he  weir  and  is  halved  for  that  length 
or  else  runs  in  a  channel  with  a  level  edge  at  the  top  of  the  pipe. 
The  edge  of  the  weir  is  at  such  a  height  that  when  the  smaller 
pipe  is  carrying  the  maximum  "foul  flow"  all  the  rest  of  the  liquid 
goes  into  the  larger  pipe. 

In  the  second  form  there  is  a  chamber  through  which  the 
flow  passes.  The  bottom  is  so  arranged  that  on  one  side  it  is 
shaped  like  the  larger  pipe  and  on  the  other  side  is  level  for  the 
whole  length,  with  the  level  edge  a  little  lower  than  the  bottom 
of  the  pipe  at  the  outlet.  The  crest  is  at  least  three  inches  wide 
and  ■  perfectly  flat.  The  bottom  slopes  toward  this  three-inch 
width  from  all  directions.  The  edge  is  at  the  height  of  the  middle 
of  the  smaller  pipe  and  parallel  with  the  line  of  flow.  As  the 
liquid  enters  the  chamber  it  is  of  course  directed  to  the  edge 
over  which  it  falls  and  thus  flows  away  in  the  smaller  channel. 

The  edge  forms  the  bottom  of  an  orifice  through  which  the 
liquid  flows.  The  dimensions  must  be  such  that  the  maximum 
foul  flow  will  pass  through,  and  no  more,  it  being  assumed  that 
the  small  pipe  has  been  flgured  to  carry  it.    When  the  large  pipe 
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SeP/IRflT/NG  Weir.   Bfraoro/ro  WffTSR  Works. 
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is  flowing  full  there  will  be  a  head  on  (he  orifice  equal  to  the 
diameter  of  the  pipe,  less  the  half  height  of  the  orifice,  and  plus 
tbe  velocity  head  in  the  large  pipe.  Five  times  the  square  root 
of  this  head  in  feet  will  give  the  velocity  in  cubic  feet  per  second 
flowing  through  the  orifice. 

The  height  should  be  about  two  or  three  inches.  Assuming 
a  height,  the  length  can  be  calculated,  for  the  discharge,  multiplied 
by  the  velocity,  gives  the  area.  The  orifice  is  cut  in  a  piece  of  sheet 
iron  which  is  set  in  place.     This  rule  is  closely  approximate. 

The  plan  supposes  a  chamber  set  on  the  line  of  a  large  pipe 
and  the  smaller  pipe  leaves  one  side  of  the  chamber,  being  for  a 
short  distance  parallel  with  the  larger  pipe.  The  depth  of 
flow  in  the  larger  pipe  when  carrying  the  maximum  foul  flow 
should  be  calculated.  Set  in  the  chamber  a  diversion  dam  with 
the  top  at  this  height  so  all  the  flow  will  be  directed  toward  the 
orifice  until  the  maximum  flow  is  exceeded.  This  diversion  dam 
should  run  on  a  curve  crossing  the  chamber  in  such  a  manner  that 
it  ends  at  the  far  end  of  the  orifice.  The  top  of  the  orifice  should 
be  about  equal  in  elevation  with  the  top  of  the  dam. 

The  accompanying  illustration  of  a  diversion  weir  used  in 
England  is  of  interest  in  this  connection. 

In  some  cities  a  form  of  inlet  known  as  a  Tark  inlet"  is  used 
in  gutters.  On  steep  grades  these  inlets  have  proven  useless  in 
times  of  heavy  storm,  for  the  water  flows  over  the  bars  without  a 
ripple.  A  study  of  the  Bradford  weir  will  show  that  the  spacing 
between  the  bars  should  vary  with  the  inclination  of  the  street 
and  the  depth  of  water  in  the  gutter.  An  inlet  of  stock  pattern 
having  bars  in  the  gutter  bottom  can  not  be  used  on  all  grades. 

With  separating  devices  such  as  above  described,  the  accumu- 
lations of  foulness  go  into  the  foul  flow  pipes  before  the  depth 
becomes  so  great  that  the  overflow  pipe  takes  it  With  the  slight- 
est lessening  in  head  and  velocity  the  water  begins  to  pass  off 
into  the  foul  flow  pipe  where  it  belongs. 

Occasionally  a  sewer,  if  carried  on  a  uniform  grade,  will 
discharge  into  a  body  of  water  at  a  point  above  the  surface.  In 
such  cases  it  is  a  good  plan  to  have  a  drop,  like  that  mentioned 
for  deep  manholes,  so  the  constant  flow  will  be  below  ordinary 
water  level.  The  end  of  the  upper  pipe  can  have  a  light  flap 
door  oi'cr  it  which  will  be  forced  open  in  times  of  storm  when 
there  is  a  heavy  flow  and  the  lower  outlet  can  not  take  it, 
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ESTIMATES   FOR    5EWEB    WORK. 

The  cost  of  hand  digging  in  ordinary  earth  wiili  labor  at  15 
cents  per  hour  and  foreman  at  25  cents  per  hour  is  praaically  SO 
cents  per  cubic  yard  for  a  trench  six  feet  deep;  25  cents  for  eight 
feet;  30  cents  tor  ten  to  twelve  feet;  35  cents  for  fourteen  feet; 
40  cents  for  sixteen  to  eighteen  feet ;  45  cents  for  twenty  feet  deep. 
The  above  figures  are  actual  cost  without  profit  being  added.  Back 
tilling  will  be  additional  and  depends  upon  the  method  adopted  for 
doing  it.  A  team  with  driver,  and  man  to  assist  holding  the 
scraper,   should   scrape   in   about   fifty   yards'  in   ten   hours,  of  easy 
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material.  Men  with  shovels  and  picks  should  backtUl  about  ten 
yards  cad). 

On  the  same  basis  the  excavation  alone  in  tough  clay  will  be 
[iractically  30  cents  per  cubic  yard  for  six-foot  trenches ;  37  cents 
for  eight  feet;  45  cents  for  ten  to  twelve  feet;  52  cents  for  four- 
teen feet;  60  cents  for  sixteen  to  eighteen  feet;  and  67  cents  for 
twenty  feet  deep. 

Hard  pan,  30  cents  per  cubic  yard  for  six-foot  trench ;  6S 
cents  for  eight  feet ;  7S  cents  for  ten  to  twelve  feet ;  87  cents  for 
fourteen  feet;  $100  for  sixteen  to  eighteen  feet;  $1.12  for  twenty 
feet  de^. 

In  estimating  sewer  work  add  to  the  above  the  cost  per  toot 
of  pipe;  one  cent  per  inch  of  diameter  for  hauling,  laying, 
cement,  etc. ;  25  per  cent  profit  on  the  labor  items  and  15 
per  cent  profit  on  the  cost  of  material  and  laying.  Add  tbe  cost 
of  backfilling  at  about  Ij  cent?  per  cubic  yard. 

The  tables  of  comparative  cost  of  tile  and  brick'  sewers  are 
taken  from  the  catalogue  of  the  Blackmer  &  Post  Co.,  and  are 
said  to  be  based  on  the  following  prices,  with  favorable  conditions 
of  soil  and  weather. 

Tile, — Labor  22^i  cents  per  hour.  Pipe  layers,  30  cents  per 
hour.  Cement,  80  cents  per  barrel.  Sand  $2.00  per  yard.  Mortar 
for  pipe,  1  cement,  I  sand. 

Brick. — l^bor,  ^Z'A  cents  per  hour.  Brick,  $0.00  per  M. 
Bricklayers,  35  cents  per  hour.  Hod  carriers,  ao  cents  per  hour. 
Mortar  men,  28  cents  per  hour.     Mortar  for  brick  work,  1  cement, 

Prices  today  for  such  work  would  be  more  nearly  as  follows: 
Laborers,  35  cents;  mortar  men,  30  cents;  hod  carriers,  35  cents; 
pipe  layers,  as  cents;  bricklayers,  $1.00  per  hour.  Sand  and 
cement  according  to  locality.    Brick  from  $9.00  to  $19.00  per   M, 

A  good  mason  will  lay  from  three  to  four  thousand  brick 
per  day.  Tbe  accompanying  tables  of  quantities  of  brick  and 
mortar  for  round  and  egg-shaped  sewers  are  believed  to  be  correct: 

WATER    TIGHT    MORTAB. 

When  laying  pipe  in  a  ditch  having  a  flow  of  water  it  is  cus- 
tomary to  partly  fill  the  joint  with  jute  soaked  in  neat  cement 
grout  and  fill  the  joint  with  a  mortar  of  I  to  1  cement  and  sand. 
Over  the  joint  when  filled  wrap  a  strip  of  cloth  like  a  bandage  to 
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keep  dM  water  from  washing  out  the  cement  before  it  ■■  Mt 
The  admixture  of  a,  very  small  amount  of  plaster  of  Paris  is  ad- 
vised by  some,  but  the  writer   does  not  recommend  it 

A  better  way  is  to  mK  pine  tar  and  cement  to  the  consistency 
of  putty  and  ram  into  the  socket  with  a  caulking  tool.  The  work 
must  be  done  rapidly  and  the  paste  must  not  be  allowed  to  get 
mealy.    The  pine  tar  can  be  washed  off  tlie  hands  wiih  kerosene. 

The  following  recipe  for  a  water- res  I  sting  mortar  was  given 
in  Cement,  July,  1904:  In  2  lbs  of  waler  dissolve  ^  lb.  of  salt; 
add  1  lb.  of  potash  lye;  heat  to  from  85  to  100  degrees  F. ;  mix 
3  to  3  parts  of  cement  to  1  part  of  sand;  moisten  with  the  salty 
potash  mixture  while  warm  and  apply  the  paste  immediately,  for 
it  sets  in  less  than  one  minute.  Or  some  powdered  wood  charcoal 
can  be  mixed  with  the  sand  and  cement  and  the  liquid  added  cold. 
The  paste  when  in  place  can  be  painted  with  an  oil  varnish,  the 
object  of  the  charcoal  being  to  hold  the  vamisb. 

See  also'  the  section  on  Lutes  and   Cements. 
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WATER    SXIPPLV. 


One  of  the  first  questions  asked  by  a  possible  resident,  or  manu- 
faeurer,  who  may  locate  in  a  growing  town,  is  in  regard  to  the  water 
supply.  He  wants  to  locate  in  a  place  where  he  can  get  a  plentiful 
supply  of  water  for  manufacturing  purposes  and  for  protection  in 
case  of  fire.  If  there  is  a  plentiful  supply  of  water  he  also  inquires 
about  a  sewer  system,  for  one  is  needed  to  carry  oft  the  waste. 

Water  is  needed  for  drinking,  manufacturing  purposes,  laun- 
dries and  baths,  street  sprinkling,  sewer  flushing,  irrigating  lawns, 
fire  protection,  etc.,  and  if  it  is  not  good  for  all  of  these  uses  it  is 
not  a  good  commercial  water.  It  may  be  all  right  for  cooking 
and  drinking  yet  unfit  for  manufacturing,  or  vice  versa.  It  Is  diffi- 
cult to  get  a  water  perfect  in  all  respects,  but  good  water  of  an  aver- 
age quality  can  generally  be  obtained  in  sufficient  quantity  for  any 
small  place  at  no  great  expense.  If  it  is  polluted  or  impure  it  must 
be  purified,  if  it  is  found  to  be  impossible  to  get  a  better  supply 
by  going  a  little  farther. 

Great  attention  is  now  paid  to  the  purity  of  water  in  the 
United  States.  Good  sources  of  supply  are  difiicult  to  procure  and 
some  artificial  purification  is  rendered  necessary,  for  people  today 
will  not  take  readily  the  water  their  grandfathers  would  have  been 
satisfied  with. 

There  are  two  systems  of  filtering  in  vogue,  the  first  called  slow 
sand  filtration,  and  by  some  the  English  system.  The  other,  rapid 
filtration  or  the  American  system  of  mechanical  filtration.  In  the 
slow  sand  filtration  system  the  water  is  led  into  filter  beds  where 
it  percolates  slowly  through  the  filtering  medium.  On  the  surface 
of  the  sand  slime  is  formed,  A  felled  slimy  mass  of  algse,  and 
various  bacilli,  accumulates  in  this  cultivation  bed  and  here  the 
main  purification  of  the  water  takes  place.  It  is  therefore  necessary, 
191 
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for  the  proper  working  of  the  aand  filter,  that  this  jelly  layer  be 
fonned,  and  the  process  of  purification  goes  on  by  the  action  of  the 
nitrifying  organiims  until  the  filter  becomes  clogged  by  the  sus- 
pended impurities  and  the  flow  of  water  gets  scanty.  It  is  then 
cleansed  and  put  in  shape  for  further  use  by  skimming  off  the  sur- 
face layer  and  putting  on  a  fresh  coating  of  sand.  The  water  is 
turned  in  again  and  allowed  to  waste  until  a  new  jelly  has  formed 
when  the  efSuent  is  turned  into  the  city  mains.  In  some  places 
a  lot  of  the  old  sand  is  put  back  with  the  new  in  order  to  hasten 
the  formation  of  the  jelly.  Great  numbers  of  filter  be(fe  are  re- 
quired, as  the  work  is  done  intermittently  in  order  that  the  beds  may 
be  kept  in  the  highest  possible  stale  of  efficiency.  The  system  of. 
slow  sand  filtration  is  therefore  expensive  and  is  oetter  suited  to 
very  large  cities  than  to  smaller  places. 

The  mechanical  system  of  filtration  is  an  American  invention 
and  consists  of  tanks  containing  finely  pulverized  quarts  as  a  filter- 
ing medium.  A  chemical  co:igulent  is  added  to  the  water  in  small 
quantities  to  form  the  jelly  and  it  is  not  therefore  necessary  to  watt 
so  long  for  the  61ter  to  get  into  action.  When  it  requires  cleaning 
the  flow  of  water  is  reversed  in  the  filter  and  by  machinery  the 
sand  is  stirred  up  until  the  water  running  out  is  clear.  The  water 
is  set  running  the  right  way  again,  the  coagulent  added,  and  in  a 
short  time  the  filter  is  working  at  its  full  capacity.  For  a  small 
town  it  is  better  than  the  slow  sand  filtration  method  and  it  may 
be  better  in  larger  places,  but  more  experiments  will  have  to  be 
made  before  a  positive  opinion  can  be  given. 

The  primary  idea  of  a  filter  was  a  strainer  where  the  suspended 
matter  was  taken  out.  When  the  matter  was  thoroughly  understood 
it  wuS  found  there  was  a  bacterial  action  also  and  the  ordihary 
household  filter  instead  of  being  a  protection  was  an  absolute  danger, 
for  it  cultivated  colonies  of  dangerous  bacilli.  A  household  filter 
in  which  the  filtering  medium  is  a  baked  clay  or  porcelain  is  the  only 
Itind  to  use.  Dealers  often  say  the  way  to  clean  them  is  to  take  . 
out  the  porcelain  once  a  week  and  wash  it.  Such  advice  is  dan-  . 
gerous.  The  only  way  to  clean  it  is  to  boil  it  by  placing  in  cold 
water  after  washing  and  putting  in  a  pot  on  the  fire  and  allowing 
the  water  to  come  to  a  boil  and  boil  brisky  until  the  porcelain  is  hot. 
Then  let  it  cool  slowly.    If  the  porcelain  is  cracked  get  a  new  one. 

Lake  water  is  a  doubtful  source  of  supply.    Ground  well  water 
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Is  sometimet  safe  to  its^  bnt  ta  generally  unsafe  if  taken  from 
ground  dose  to  a  large  community.  The  well  in  the  thickly 
settled  community  is  usually  dangerous  and  the  Open  well  can  not 
be  condemned  in  too  strong  terms.  If  a  well  is  used  it  shoald 
be  closed  and  the  water  pumped  from  it  for  ordinary  use. 

Driven  wells  are  frequently  used  as  a  source  of  supply  for  a 
town  and  they  are  good  if  the  quality  of  water  is  all  right.  For 
this  reason  when  deciding  to  adopt  the  driven  well  system  a  careful 
examination  should  be  made  chemically  and  biologically  of  the  water 
and  an  examination  made  as  to  the  possible  sources  of  supply  of  the 
S%nd  and  gravel  Ix^d  into  which  the  wells  are  driven.  A  large  cistern' 
may  be  constructed  with  several  wells  driven  in  the  bottom  of  it. 
Water  is  then  pumped  from  the  cistern  or  the  wells  may  be  driven 
in  a  regular  series  and  connected  with  a  main  pipe  from  which  the 
water  will  be  pumped. 

When  the  quantity  required  is  not  great,  the  best  system  is 
by  pumps,  with  a  standpipe,  or  tank,  containing  at  least  twenty- 
four  hours'  supply.  The  tank  furnishes  the  pressure  except  in  case 
of  fire  when  it  is  better  to  disconnect  it  and  let  the  pump  force  the 
7ater  directly  into  the  supply  main.  Ordinarily  the  pumps  need  only 
be  used  to  keep  the  tank  filled  and  there  should  be  some  sort  of 
electrical  indicator  in  the  pump  house  so  the  engineer  need  not 
pump  too  much  and  cause  the  tanks  to  overflow. 

With  a  town  of  over  3,000  inhabitants  a  direct  pumping  system 
may  be  preferable,  with  several  standpipes  in  different  parts  of 
town,  if  it  is  very  hilly  or  broken.  The  standpipes  will  be  supplied 
by  the  force  main  and  each  supply  its  own  district.  There  should 
be  standpipes  or  tanks  to  supply  districts  ordinarily  supplied'  by 
direct  pumping,  in  case  of  the  pump  being  required  to  work  in 
other  districts  when  a  hre  breaks  out  and  more  pressure  is  needed. 
Each   district  can   thus   be   as   independent   as   though    in   different 

With  a  large  city  a  gravity  system  may  be  less  expensive  than 
a  pumping  station,  but  it  will  require  careful  figuring  in  any  event 
With  a  gravity  system  reservoirs  are  generally  used  instead  of  tanks 
and  standpipes.  It  is  well  to  remember  that  when  surface  water 
from  streams  and  lakes  is  stored  in  reservoirs  that  the  reservoirs 
must  never  be  covered,  but  should  always  be  exposed  to  the  light 
and  air.    When  water  from  wells  and  underground  sources  is  stored 
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in  reiervoirs  it  must  be  covered  to  exclude  all  light.    This  to  prevent 
the  growth  of  algz. 

Artesian  wells  are  good  enough  in  their  way  when  no  other 
source  of  supply  is  available,  but  it  is  seldom  that  a  well  can  be 
obtained  of  sufhcient  flow  to  supply  even  a  small  place.  A  town 
considering  the  proposition  of  obtaining  water  from  artesian  welts 
must  proceed  slowly  and  carefully ;  in  order  that  after  the  hole  ts 
bured  and  the  pipes  laid,  the  volume  of  water  to  depend  upon 
will  justify  the  expenditure  of  the  money  spent  to  secure  it 

Salt  water  is  used  in  sea  side  cities  to  sprinkle  streets  and  has  - 
been  found  to  be  very  much  superior  to  fresh  water  for  the  purpose. 
[t  has  been  found  of  doubtful  benefit  in  extinguishing  £res,  as  B 
building  well  soaked  with  it  never  dries  thoroughly. 

A  pumping  plant  should  generally  be  in  duplicate  so  in  case  of 
breakdowns  there  will  be  no  stoppage  of  the  supply.  This  is  not 
10  important  where  the  plant  does  not  have  to  work  more  than 
a  few  hours  each  day  or  for  a  day  or  so  in  the  week  For  small 
towns,  and  generally  throughout  the  west  where  fuel  is  scarce,  the 
gas  or  oil  engme  connected  to  a  power  pump  is  coming  rapidly  into 
favor.  The  writer  has  recommended  their  use  dnd  believes  they  are 
the  best  thing  in  many  cases  for  the  service.  They  are  useful  in 
larger  places  also  where  there  may  be  isolated  districts  to  serve  of 
limited  area.  In  such  places  a  separate  pumping  station  with  ele- 
vated tank  can  be  placed  and  the  water  pumped  from  the  main 
to  this  tank,  which  communicates  with  the  pipe  system  in  the  small 
district  as  an  independent  supply. 

Again  they  may  be  used  in  towns  where  the  water  company 
has  a  contract  to  furnish  a  certain  high  pressure  in  case  of  fire  and 
the  pumps  do  not  work  constantly.  The  pumps  may  supply  tanks 
or  standpipes  at  a  sufficient  elevation  to  furnish  a  good  pressure  for 
domestic  use.  The  smaller  gas  or  oil,  engine  may  pump  from 
these  tanks  sufficient  to  fill  a  smaller  tank  at  a  higher  elevation 
which  can  be  connected  with  the  main  system  of  pipes  in  case  of 
fire,  a  check  valve  preventing  the  backing  of  the  water  into  the 
lower  tank.  As  this  tank  for  fire  purposes  may  not  be  used  once 
in  six  months  and  might  contain  water  enough  to  last  a  half  dozen 
fire  streams  an  hour  or  two  a  small  engine  will  do  the  work  at  a 
minimum  of  attention  and  expense. 

In  some  favorably  situated  places  good  tank  capa.'^it.''   is  fur- 
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nishe<t  and  large  windmills  are  mcA.  Ther«  is  an  oil  or  ga^  rngine 
in  reserve  l.o  use  when  the  wind  tails.  A  good  windmill  will  co^t 
nearly  as  much  as  an  engine  of  the  proper  size.  There  is  a  great 
deal  of  economy  resulting,  however,  when  conditions  are  favorable. 
Producer  gas  engines  are  coming  rapidly  into  use  and  well 
repay  investigation.  Electricity  is  used  as  much  today  as  steam 
power  iti  many  cities  having  electric  plants. 

QUANTITY    OP    WATER. 

It  is  not  safe  to  figure  on  less  than  thirty  gallons  per  capita 
per  day,  and  the  amount  in  a  manufacturing  town  may  reach  sixty 
to  eighty  gallons  per  day  per  capita.  Estimates  based  on  the  total 
population.     Some  American  cities  use  much  more 

A  leading  authority  has  carefully  investigated  the  use  of  water 
in  American  cities  and  his  conclusions  are  that  60  per  cent  of  the 
water  is  not  accounted  for.  In  Europe  where  (here  is  more  careful 
and  judicious  oversight  it  is  stated  that  fully  90  per  cent  of  the  water 
is  accounted  for. 

Too  little  care  Is  exercised  in  laying  water  pipes.  In  the  opinion 
of  the  writer  (from  ^actual  experience)  it  pays  to  set  stakes  for  the 
water  and  gas  pipes  as  much  as  it  pays,  because  it  is  absolutely 
necessary,  for  sewers.  Settling  strains  play  havoc  with  joints.  For 
convenience  in  making  joints  it  is  usual  to  elevate  water  and  gas 
pipes.  When  this  is  done  the  trench  to  the  tops  of  the  pipes  should 
be  filled  with  sand,  flushed  in  with  w.iter  to  give  the  pipes  a  solid 
bearing 

Waste  exists  all  through  the  system  by  reason  of  careless  work 
in  putting  the  pipes  in  place  and  also  by  reason  of  faulty  work  in 
making  house  connections.  The  writer  has  seen  plumbers  con- 
necting houses  when  the  main  was  of  thin  wrought  iron  .md  there 
being  a  leak  under  the  saddle  they  beat  around  it  with  their  hammers 
until  the  flow  stopped — not  adding  .inything  to  the  excellence  of  the 
nearest  joint  in  the  main,  which  may  have  been  defective  at  first 

Waste  alED  exists  in  the  interior  plumbing  of  the  house  and 
when  a  water  wbrks  system  is  installed  there  should  be  a  first-class 
ordinance  passed  to  regulate  this  work  and  all  cocks  and  faucets 
should  be  of  a  certiiii  standard  of  excellence  Bui  a  very  large 
part  of  the  waste  ex[^ts  by  reason  of  the  householder  being  careless 
because  he  pays  so  much  a  month  no  matter  how  much  he  uses. 
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The  only  remedy  is  the  introduction  of  meters.  An  immediate 
saving  in  running  expenses  is  noticed.  There  is  not  always  a  reduc- 
tion in  revenue,  but  there  is  a  saving  of  cost  and  a  consequent 
increase  in  actual  profits.  The  careful  economical  citizen  docs  his 
best  to  reduce  his  water  bill  and  after  he  becomes  accustomed  to 
the  meter  finds  that  he  does  not  have  lO  skimp,  as  the  minimum 
meter  charge  allows  him  plenty  of  water  for  every  ordinary  pur- 
pose. Wherever  the  meter  system  has  been  introduced  it  has  been 
'  favorably  received  and  its  use  extended. 

There  has  existed  oftentimes  a  prejudice  in  the  mind  of  the 
consumer  against  a  meter  for  fear  it  will  register  in  favor  of  the 
company,  but  a  little  reflection  will  show  him  that  as  it  wears  much 
water  must  pass  through  it  without  being  registered,  so  if  the  new 
meter  registers  in  his  favor  it  will  be  apt  to  do  so  as  it  grows 
older.  In  some  places  a  tank  is  placed  tn  the  water  company's  ofEce 
which  contains  exactly  ten  cubic  feet  of  water  at  ordinary  temper- 
ature. A  house  meter  is  attached  to  the  supply  l)ipe  and  water  meas- 
ured into  the  tank  before  the  eyes  of  the  consumer  and  he  can  read 
ihe  result  himself.  With  a  meter  geared  to  99  per  cent  there  is  no 
fear  of  the  test  not  satisfying  him  and  he  can  so  with  the  man  and 
see  that  same  meter  installed  in  front  of  his  .house  on  the  supply 
pipe. 

A  report  by  the  board  of  water  commissioners  of  Hartford, 
Conn.,  said :  "Meters  act  as  mechanical  inspectors  of  plumbing  and 
as  such  are  less  objectionable  to  consumers  than  individual  in- 
spectors, as  well  as  being  more  effectual  and  reliable." 

It  is  possible  to  obtain  in  almost  every  city  reliable  house 
meters  at  moderate  prices  and  their  general  introduction  will  reduce 
the  cost  of  living  and  do  away  with  enormous   waste. 

As  a  guide  to  the  possible  use  of  water  for  various  purposes  the 
following  from  the  lOOS  report  for  the  city  of  Battle  Creek.  Mich 
is  interesting : 

Paid  for  by  meter  (12.2r  per  1,000  gallons,  average)  , .   53  $23,000 

Paid  for,  not  metered 5  2,300 

Parks,  public  buildings,  not  schools B  3,50U 

Schools,  includiHR  lawns   6  2,600 

Drtnkinp;  fnnntiii^is  for  horses 3  2.200 

Flushing    sewers     0,5  200 
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I  off  hydrants    0.5  200 

Wetting  down  new  trenches 2  800 

Fires    4.5  2,02s 

Slip  of  pumps 3  1^00 

Under  registration  of  melers 6.5  2,800 

Leaks    S  2.600 

ToUls    100       $4n,420 

-  The  percentage  of  taps  metered  in  1905  was  88,  or  3,379  out  of 
3,723.  The  average  daily  water  consumption  and  waste  per  capita 
was  52  gallons.  The  meter  rates  range  from  7  to  i:i  cents  per  1,000 
gallons,  with  a  minimum  annual  rate  al  $3.00,  All  new  water  takers 
are  required  to  put  on  meters,  and  all  who  change  pipes  or  fixtures 
or  added  thereto.  The  writer  thinks  some  guessing  was  done  in 
apportionment.     The  fire  use   seems  much  too  great. 

In  a  number  of  municipally  owned  plants  water  is  apparently 
sold  to  the  consumers  at  a  low  price  because  rates  have  been  low- 
ered and  many  departments  of  the  city  get  water  free. 

To  be  businesslike  all  departments  using  water  should  be  charged 
for  it  and  a  sinking  fund  established  to  maintain  the  plant.  In  an 
interesting  circular  prepared  by  the  Pitometer  Company  there  is  a 
discussion  on  the  subject  of  waste  through  underground  pipes, 
although  waste  is  carefully  looked  after  above  ground  in  the  matter 
of  salaries,  cost  of  fuel,  etc. 

The  fact  that  what  one  city  uses  is  not  a  criterion  tor  another 
place  is  mentioned,  and  the  following  is  quoted : 

"The  water  used  by  2,553  families  in  Providence,  R,  I.,  was 
measured  for  one  jear.  Five  persons  counted  to  a  family,  make  a 
total  of  12,'i'65  people.    By  actual  measurement: 

167  families  used  but    6.15  gallons  to  a  person. 

237    ■■      "    "   8.20    ■■      " 

361    *•      "    "  10.25    '■      "    " 

445  ■'     "    "  18,30 

446    14.35 

463    "     "    "  16.40 

435    "     ■'    ■'  18.27    ■' 

And  yet  we  find  American  cities  publishing  the  information,  year 
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after  year,  that  their  works  are  actually  supplying  130  lo  :tOO  gallons 
each  day  lo  each  person  in  the  city ! 

The  question  is  then  taken  up  of  the  Chicago  water  supply, 
which  in  1903  amounted  lo  160  gallons  per  capita.  Estimating  the 
actual  consumption  at  more  than  three  times  the  highest  average  in 
the  above  table,  or  at  60  gallons,  we  have  left  a  per  capita  of  lt» 
gallons,  or  a  total  loss  of  187  million  gallons  per  day  actually 
raised  by  pumps  from  the  lake. 

Cities  and  private  companies  in  England  allow  no  such  waste. 
By  constant  care,  and  by  inspections  judiciously  made,  as  a  regular 
part  of  administration,  they  keep  the  per  capita  consumption  down 
to  very  different  figiires.  For  instance:  In  Liverpool,  for  all  pur- 
poses, :)8,:i46  gallons  per  capita,  of  which  only  S2.18  per  capita  is  set 
down  for  domestic  uses  of  all  sorts.  There  is  no  restriction  of 
use  by  the  consumers,  day  or  night  In  Manchester,  35.67  gallons 
per  capita,  of  which  16.67  gallons  is  used  for  domestic  purposes, 
16  gallons  for  trade.  In  Birmingham,  29.52  gallons  per  capita.  In 
London,  42.43  gallons  per  capita.  Tliese  tigures  can  he  duplicated 
to  any  extent,  but,  it  will  be  said,  "This  is  in  England."  Let  us  take 
the  city  of  Providence,  R.  I.,  again :  In  1892  the  per  capita  had 
increased  to  the  alarming  extent  of  6554  gallons  per  capita.  In 
1S94  (his  had  been  reduced  to  51!-^  gallons  by  taking  pains  to 
discover  where  this  great  toss  was  made !  These  figures  include  all 
the  water  delivered  from  the  works  for  all  purposes.  In  the  town 
of  Haling.  England,  with  a  population  of  S5.000,  the  per  capita  was 
reduced  from  43  gallons  per  capita  to  30.75  gallons  per  capita, 
by  an  eight  weeks'  campaign  of  the  inspectors ! 

Losses  through  defective  mains  or  service  pipes  tend  to  increase 
in  amount  rapidly.  The  history  of  the  Chicago  works  shows  this 
fact  very  clearly.  Thirty-five  gallons  per  capita  was  the  original 
estimate  of  the  engineer  who  designed  the  plant.  In  1860  the  actual 
per  capita  was  43  gallons ;  in  1870  this  had  increased  to  73  gallons ; 
in  1R7S  to  100  gallons;  in  1890  to  138  gallons;  in  1900  it  had  reached 
200  gallons ;  while  in  1903  we  iind  a  per  capita  of  160  gallons  after 
deducting  all  metered  water." 

Much  of  the  difference  is  caused  by  leaky  and  detective  mains 
and  connections.  It  has  to  be  admitted,  however,  that  soraellmes 
water  is  stolen  outright     Nearly  every  man  experienced  in  water 
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works  maintenance  can  tell  of  private  connections  made  by  tunneling 
to  street  mains,  uid  of  by-passes  aronncl  meters. 

It  pays  to  install  meters  on  every  connection  and  also  on  mains, 
to  divide  the  city  into  districts.  A  careful  investigation  from  time 
tu  time  will  locate  all  losses  closely  and  remedies  can  be  applied. 
If  pumps  register  a  certain  amount  of  water  delivered  to  the  mains 
and  met«rs  register  a  certain  amount  used,  there  must  be  a  better 
way  of  accounting  for  differences  than  by  estimating  uses  for  public 
pnrposes. 

Twice  the  writer  has  been  called  upon  to  devise  means  of  pro- 
curing a  large  supply  in  towns  bonded  to  the  limit,  and  yet  sufferinj; 
from  a  shortage  of  water.  A  careful  investigation  revealed  such 
losses  that  wlien  the  piping  system  was  put  in  good  shape  and  all 
connections  metered,  the  per  capita  consumption  as  shown  by  pump- 
ing records,  was  cut  almost  in  two.  Other  engineers  have  had 
similar   experiences. 

GENERAL    US^ 

Good  fire  hose  will  cost  at  least  80  cents  a  lineal  foot.  The 
lite  of  fire  hose  is  not  long  and  when  it  is  observed  how  rapidly 
effective  pressure  is  lost  by  long  streams  no  argument  is  required 
to  show  that  large  mains  are  an  advantage  in  a  water  works 
system.     The  following  table  is  instructive; 

FIRE  STREAMS. 
PrBSBiH  miufrtd  it  nntit*  ind  ii  puinii.  witt 


■For  fruUr  leii£llu  of  2 1-2  hoM  the  lucruud  trkilmi  en  tudiry  t*  skuliMd  by 
a>  kji^wit  Witt  ICD  tiM  et  boH."    For  liuunn;  II  ll  niiuir«  ii  bydnat  nr  ru«p  t  gouM 

«4nli»l«[iaioidi»ftuar*lBWDcaBci)HrHcilgnlBlonlqa-Uinw(t:BiaM««(  !■>■  If 
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Insurance  rates  are  governed  by  the  efficiency  of  the  plant  in 
any  town  and  a  good  showing  of  large  mains  has  its  effect.  If  a 
volume  of  water  flowing  through  a  two  inch  pipe  had  to  flow 
in  the  same  time  through  a  one  inch  pipe  the  velocity  would  be 
increased  four  times,  bul  the  friction  sixteen  times.  No  mains 
should  be  less  than  six  inches  in  a  town  and  eight  inches  is  much 
better  if  the  cost  can  be  afforded.  The  writer  realizes  how  difiieult 
it  is  for  many  small  places  with  a  limited  bonding  power  to  put  in 
large  mains  and  therefore  can  not  urge  the  putting  in  of  larger 
than  six  or  eight  inch  pipes.  It  is  sensible  and  economical,  how- 
ever, to  have  as  much  large  diameter  pipe  as  possible  and  to  have 
very  little  three  and  four  inch  pipe. 

It  is  a  badly  designed  water  works  which  has  not  a  double 
circulation.  Pipes  should  be  run  dfiwn  cross  streets  often,  to  con- 
nect pipes  on  parallel  streets,  and  whenever  a  pipe  stops  it  should 
stop  at  a  street  and  from  the  end  a  pipe  should  go  through  the  cross 
street  and  connect  the  parallel  pipe  line.  This  helps  protect  the 
purity  of  the  water  by  the  avoidance  of  dead  ends,  lessens  the  evil  ■ 
effects  of  water  ram,  permits  a  better  flow  to  points  where  needed 
in  times  of  extraordinary  draught  and  allows  repairs  to  be  made 
in   districts  of  limited  area  without  inconveniencing  many  patrons. 

Nothing  shows  the  amateur  hand  so  quickly  in  a  water  works 
system  as  the  presence  of  dead  ends  and  the  absence  of  a  proper 
number  of  gates  and  valves.  The  proper  number  of  gates  and 
valves  is  not  a  difficult  thing  lo  determine.  There  should  be  a 
gale  on  every  lead  of  pipe  at  all  intersections,  so  that  at  a  street 
crossing  where  four  pipes  come  together  there  should  be  four 
gates,  one  at  each  property  line.  There  should  be  a  gate  on  every 
hydrant  lead  so  the  hydrants  can  be  repaired  without  interfering 
with  the  working  of  the  system.  With  a  double  circulation  and 
plenty  of  gates,  water  can  be  turned  on  in  one  block  at  any  time  b;' 
the  closing  of  two  gates  and  repairs  made  anywhere  in  that  block, 
the  only  inconvenience  suffered  being  by  those  who  are  in  the 
small  district  served  by  that  pipe.     This  saves  time  and  money. 

It  is  well  when  water  has  (o  be  pumped  for  supply  that  economy 
be  in  operation  be  carefully  looked  into.  For  example  it  is  well 
to  have  the  pressure  for  fire  purposes  as  near  one  hundred  pounds 
to  the  square  inch  as  possible.  For  domestic  use  thirty-five  to 
forty  pounds  will  be  ample. 
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There  are  iome  towns  where  the  contract  with  the  water  com- 
pany calls  (or  a  high  pressure  to  be  constantly  maintained.  There- 
fore water  is  pumped  to  a  great  height  to  reservoirs,  or  tanks,  and 
the  supply  drawn  from  them.  Much  economy  iit  operation  can  be 
secured  by  locating  a  tank  where  sufficient  pressure  can  be  secured 
for  fire  purposes  acid  keeping  that  tank  filled. 

A  tank  at  a  lower  elevation  can  be  used  for  a  constant  supply 
or  the  punips  can  be  run  continuously.  When  a  fire  occurs  and  the 
greater  pressure  is  needed  the  high  tank,  or  reservoir,  can  be 
brought  into  immediate  service  by  gates,  or  valves  automatically 
controlled.  ' 

There  are  today  many  devices  on  the  market  for  controlling 
pressures.  For  example,  a  town  may  be  located  on  a  flat  river 
bank  close  to  a  hill.  On  the  hill  the  reservoir  is  located  and  after 
a  while  the  residences  go  there.  To  make  the  pressure  practically 
uniform  all  over  the  place  several  mains  are  used  to  supply  the  lower 
part,  on  one  or  two  of  which  pressure  regulators  are  placed.  The.'tc 
regulators  act  by  throttling  the  flow  and  thus  keeping  the  pressure 
down  to  any  desired  point  in  the  low  lying  district.'  When  several 
hydrants  are  opened  at  one  lime  arid  draw  on  the  main  the  valve 
opens  enough  to  let  all  the  water  through  that  is  needed.  This 
serves  until  valves  or  gates  on  the  other  mains  are  opened  so 
that  the  whole  lower  system  gets  the  increased  pressure.  It  does 
no  harm,  however,  to  house  connections,  as  the  increased  supply 
furnished  is  used  immediately  by  the  fire  streams.  The  valves 
can  be  closed  before  the  tire  streams  are  shut  off. 

A  good  pressure  in  ease  of  fire  is  needed,  but  it  Is  hard  on 
domestic  plumbing  to  have  a  high  presKure  kept  up.  It  is  therefore 
best  to  so  plan  the  system  that  a  good  enough  pressure  will  be 
had  all  over  town  for  domestic  purposes  with  a  reserve  high  pres- 
sure in  case  of  lire.  It  means,  of  course,  that  all  plumbing  must  b« 
able  to  withstand  the  effects  of  the  high  pressure  in  case  the  fire 
streams  cease  using  the  extra  supply  before  the  pressure  is  reduced. 

The  question  of  material  for  pipes  need  only  be  briefly  touched 
upon.  Cast  iron  has  been  for  years  the  standard  material  for  piping 
systems  and  with  the  majority  of  engineers  is  a  favorite.  Cast 
iron  pipes  represent  rather  loo  much  dead  weight  compared  with 
their  strength,  as  the  best  method  of  obtaining  long  service  before 
destruction  by  rust  is  to  make  them  thick.    This  to  townj  where 
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freight  is  an  item  is  a  great  objection  to  their  use.  It  is  very  hard 
to  prevent  incrustation  in  cast  iron  pipes  and  being,  to  a  certain 
extent,  brittle,  they  are  in  greater  danger  of  breakage  from  "water 
ram"  than  wrought  iron  pipe.  Cast  iron  pipe  is  usually  in  13-foof 
lengths,  measuring  from  mouth  to  mouth  of  the  bells. 

For  small  cities  and  towns  the  writer  confesses  to  wrought  iron 
and  steel  pipe  being  a  favorite  with  him.  When  east  iron  can  be 
laid  down  at  the  trench  for  the  same  money  he  will  take  it.  A 
difference,  however,  of  6  per  cent  in  cost  will  decide  him  in  favor  of 
the  other  pipe. 

Wrought  iron  pipe  needs  protective  coatings  more  than  cast 
iron  to  protect  it  from  corrosion.  It  retains  these  protective  coatings 
badiy  unless  they  are  very  carefully  made  and  applied  and  then  the 
life  is  as  great  as  that  of  any  pipe.  It  possesses  greater  strength  in 
proportion  to  its  weight  than  cast  iron  and  a  difference  in  cost  in  its 
favor  is  generally  owing  to  fteight  rates.  It  is  not  troubled  with 
incrustation  to  the  extent  that  cast  iron  is  and  coming  m  longer 
sections  than  cast  iron  requires  fewer  joints,  less  lead  and  packing, 
less  labor  in  laying  and  is  cheaper  to  maintain.  Lock  joint,  seamless, 
wrought  iron  pipe  is  superior  to  lap  and  riveted  pipe  cwmg  to  the 
interior  smoothness  enabling  an  even  flow  to  be  maintained. 

Wooden  pipe  is  advertised  considerably.  The  writer  fias  used 
it  made  of  staves  of  California  redwood  and  of  staves  made  from 
Oregon  fir.  He  has  recomirended  its  use  in  many  places  and 
believes  it  to  be  a  good  pipe  when  it  can  compete  with  cast  iron  pipe 

Several  firms  manufacture  it  in  different  parts  of  the  United 
States,  but  in  the  West  it  js  used  more  than  elsewhere.  It  has  a 
smoother  surface  than  any  other  kind  of  pipe  because  of  the  few 
joints.  The  writer  believes,  however,  that  some  of  the  theoretical 
efficiency  is  lost  by  the  swelling  of  the  wood. 

Some  of  the  pipe  is  banded  with  fiat  bands  and  this,  in  the 
writer's  opinion,  is  not  so  good  as  where  round  bands  are  used. 
Some  companies  make  the  pipe  in  lengths  and  band  it  with  galvan- 
ized steel  wire  wrapped  spirally.  Joints  are  made  with  sleeves  ol 
iron  or  steel,  or  wbat  is  better,  by  sleeves  of  wood  wrapped  with 

For  pipe  less  than  twelve  inches  in  diameter  it  is  customary  to 
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have  eight,  ten  or  twelve  fool  lengths,  made  of  staves  and  banded. 
For  twelve  inches  and  upward  the  pipe  is  built  in  the  trench. 

Some  firms  manufacture  wooden  pipe  by  boring  holes  through 
logs  and  banding  them  with  metal.  The  writer  has  never  known 
of  such  pipe  being  successful  for  a  long  time.  The  hard  wood  is 
cut  out  by  the  hole  and  only  the  sap  wood  is  lett. 

It  is  well  known  that  wood  will  not  rot  so  long  as  it  is  saturated 
with  water.  Alternate  wetting  and  drying  rot  wood.  A  properly 
constructed  wooden  pipe  will  last  as  long  as  Ihe  meta!  banding  it. 
It  is  usual  to  galvanize  the  metal  and  then  after  :he  pipe  is  made, 
to  coat  the  whole  pipe  and  metal  with  asphalt 

Sewer  pipe  of  vitrified  clay  is  used  in  many  places  as  a  conduit 
where  it  has  been  found  possible  to  lay  it  on  an  even  grade  where  it 
will  not  be  under  pressure.  It  has  been  used  in  a  very  few  place,! 
under  a  light  pressure.  It  has  not  always  proven  a  success,  but 
when  covered  with  a  foot  or  two  of  earth  to  protect  it  Iherj 
has  been  little  or  no  trouble.  Where  used  it  ha^  been  in  situation! 
in  which  a  ditch  or  wooden  flume  might  ordinarily  be  used  and  is 
advantageous  in  being  a  closed  conduit. 

Concrete  is  a  most  excellent  material  for  conduits  rlowing 
under  little  or  no  pressure.  Reinforced  concrete  is  rapidly  cominp; 
to  the  front  for  aqueduct  purposes  and  has  been  used  under  very 
great  pressure. 

Carrying  capacities  of  aqueducts  for  waler  are  reduced  seriously 
by  slime  and  other  growths.  Studies  of  well  known  aqueducts  show 
that  the  carrymg  capacity  of  the  Sudbury  aqueduct  has  at  times  been 
reduced  as  much  as  13^  per  cent;  the  Cochituate  aqueduct  11^  per 
cent,  and  the  Wachusett  aqueduct  from  10  to  11  per  cent. 

When  vegetable  growths  appear  in  reservoirs,  and  bad  smells 
and  tastes  are  noticed,  copper  sulphate  is  used  to  remove  the 
offensive  conditions.  The  amount  used  varies  from  1  in  l.i)00,000 
to  1  in  7,000,000  parts  by  weight.  That  is,  one  pound  of  copper 
sulphate  in  one  to  seven  million  pounds  of  water. 

The  copper  sulphate  is  put  in  bags  containing  75  to  100  lbs.  and 
the  bags  are  towed,  one  at  a  time,  from  a  boat.  The  boat  is  rowed 
around  the  reservoir  ;n  concentric  courses  40  to  50  feet  apart  at 
:-jch  a  rale  as  to  completely  cover  same  by  the  time  the  sulphate 
is  alt  dissolved,     A  T5-pound  bag  will  dissolve  in  about  half  an 
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hour.    The  advice  of  a  competent  chemist  should  be  obtained  before 
using  this  method. 

Old-fashioned  methods  of  thawing  frozen  water  pipes  by  open- 
ing trenches  and  building  fires  have  been  superseded  by  electrical 
thawing.  The  following  is  the  practice  for  house  connections  in 
Ottawa,  Can. :  Current  is  taken  from  the  wires  of  the  electric  light 
company  and  reduced  by  transformers  to  about  35  volts.  The  charge 
i«  $1.25  per  hour  for  current  and  apparatus.  One  wire  is  connected 
to  the  service  in  the  house  and  the  other  to  the  stopcock  box  in  the 
street,  an  adjoining  service  or  the  nearest  street  hydrant,  the  object 
being  to  have  a  connection  on  either  side  of  the  frozen  section  and 
as  close  as  possible.  The  electrical  current  sometimes  clears  the 
pipe  in  thirty  seconds,  but  if  the  service  is  long  and  frozen  solid 
it  varies  from  that  to  thirty  minutes.  Where  couplings  with  a 
leather  washer  are  used  at  the  stopcock  boxes  the  current  will  burn 
out  the  washer  and  cause  a  slight  leak.  Where  the  coupling  used 
is  of  brass  and  lead  the  current  causes  no  leak  and  no  damage  is 
occasioned  the  service,  except  in  isolated  and  difficult  cases  where 
more  than  35  volts  are  used. 

Much  valuable  information  on  this  subject  with  reports  from 
many  cities  is  to  be  found  in  a  report  compiled  by  George  S.  Hale, 
for  the  National  Electric  Light  Association,  and  published  by  the 
association  at  New  York. 

SPECIFICATION   FOR  LAYING  WATER  PIPE. 

(FIrit  ipccitr  the  hydrints.  pip^  valves,  etc.,  ui4  all  icccnorie*  ind 
aateriil*  and  labor. 

Specify  the  doini  of  ibe  work  in  fall  accordance  wilh  the  plane  aod 
drawlnge  farmrnK  a  part  of  the   apcclficationa 

Second,  Ipecity  all  the  ilema  tike])'  to  complicate  the  opening  of  IrencbM 


In  addition  to  thla  a  firm  blocking  (hall  be  ta  behini 


and  branehea,  wid  W«king   t 

be   tightly   wedged   and    have  a   large   scrfice 

against  the  undiaiurbed  earth. 

When  laid  the  apigots  of 

■  uniform   gpaee  all  around  a 

nd   if  any  pipe   doci  not   allow   suiScienI   apace 

It  (hall   be   replaced  by   one   o 

aa  follows: 

Si«  of  Pipe. 

Depth  of  Joint.                       Space. 
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The  pipti  ibill  lock  anc-qiiirtfr  of  *n  incb  of  beini  driven  fall  iat» 
belli,  and  gtikeU  of  clean,  Kimd  hemp  jara.  fariidfd  or  Iwialed  >nd  tifhtl)' 
driven,  (hall   be  atcd  to  pack  the  joint). 

The  lead  (ball  be  pure,  loft  lead  of  Ihe  best  qualliy,  suitable  for  caoUdnE, 

Joint!  iball  be  firit  cleaned  and  wiped  perfecil;  dry.  The  melting  pot 
ahall  never  be  more  than  fifteen  feet  away  from  the  joint  to  be  poured,  and 
Ihe  joint  ihall  be  run  full  at  one  pouring. 

Competent,  experienced  mechanici  must  be  employed  to  do  the  caulkinK. 
The  caulking  must  be  faithfully  executed  ao  the  joint  will  be  tight  and  McUre 
without  overatraining  the  metal  in  the  bell  of  the  pipe.  After  caulking  the 
lead  shall  be  fluah  with   the   face  of  the  socket. 

All  pipes  and  casting  shall  be  carefully  cleaned  before  laying,  an'I 
again  after  laying.  Open  ends  shall  be  plugged  when  work  is  left  al  night 
or  during  a  lay-off,  at  noon  hour  or  other  time.  After  removing  plug,  interior 
of  pipe  shall  be  inspected  before  commencing  work.     Care  must  at  all   times 

solid   bearing    throughout   its 
trench  can  be  deposited  firmly 

mil  at  least  one  fool  in  depth 


e  been  covered 
irench   ahall   be 


Inches  of  the   pipe. 

If  the  earlh  removed  from  the  trench  can  not  be  replaced  properly  in 
the  opinion  of  Ihe  engineer  in  charge  the  trench  shall  be  filled  under,  around 
and  for  six  inches  on  top  with  sand,  thoroughly  rammed  and  afterward  com- 

(NoTK— Here    should    follow    specifications    for    restoring   street    surfaces.) 
The   specifications  for  sewer  work  should  be  consulted  for  in- 
formation about  excavating  and  backfillinp.  leaving  in  sheeting,  etc, 

PIMPTNC  WATER. 

,       ,      ,.,.  .     ,     .  Q^millionsof  U.  S.  gal- 

UtL-hft,nfe.t.  «    lonsper24houi 

F_cubic  fejt  p.,  ..oond  HP-theoretical     hone- 

G-O.  S.  gallons  per  m.aute.  ^^^^  required. 

Then  HP  _  ^;  HP  _  Sit.  hp  _  |^ 
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The  friction  losses  must  be  found  and  the  head  to  <:    .  . 
them  added  to  the  "Lift  in  feet"  in  order  to  obtain  the  actual  horse- 
power  necessary. 

The  followinfi  tabic  for  use  with  centrifugal  pumps  is  from 
ilie  catalogue  of  manufacturers  of  such  pumps. 
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MEASURING  STREAMS. 

A  rough  and  ready  method  used  in  small  .streams,  or  rather  to 
gauge  streams  flowing  from  springs,  i.*;  to  measure  with  cans. 
Put  a  dam  of  some  sort  across  the  little  stream  and  place  in  the 
top  a  small  V  flume  or  pipe  at  such  a  grade  that  the  water  will 
only  rise  to  a  certain  height  behind  the  dam.  Have  two  five-gallon 
coal  oil  cans  with  handles.  Place  one  under  the  flume  or  pipe 
^nd  as  fast  as  it  fills  remove  it  and  substitute  the  other.  After 
each  has  been  tilled  and  emptied  live  times  there  has  been  a  total 
flow  of  fifty  gallons.  A  careful  timing  of  the  operation  give* 
closely  the  flow  in  gallons  per  minute.  Needless  to  say,  this  is 
only  useful  in  very  small  streams. 

For  something  more  definite  place  across  the  stream  a  board 
with  the  top  perfectly  level.  The  edge  should  be  beveled  on  the 
lower  side  so  the  upper  edge  will  be  sharp.  Square  ends  should 
be  placed  on  the  board  so  that  the  water  flowing  over  will  have  a 
certain  width  and  will  flow  quietly.  A  few  feet  back  from  the 
board  (weir)  drive  a  peg  into  the  stream  and  set  it  by  means 
of  a  level  so  the  top  will  be  exactly  the  height  of  the  edge  over 
which  the  water  flows.  When  the  stake  is  set  measure  the  deptlt 
of  water  over  it,  which  gives  the  weir  depth.    The  weir  table  here 
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Qfiog  cuUc  fen  of  Water  per  minute,  thtt  will  flow 

over  a  Wdr  one  incli  wide  tod  up  to 

I J  inche*  deep. 
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given  can  then  be  used  to  ascertain  the  amount  o(  water  flowing 
in  the  stream. 

The  following  weir  fonnulas  arc  standard.  The  Francis 
fonnula  for  discharge  in  cubic  feet  per  second  for  weir  in  thin 
plate  and  without  end  contraction  is: 

Q  =  3.83  L  hI 
where  0  's  the  quantity 

L  is  the  length  of  weir  in  feet. 

H  is  tile  head  over  weir  in  feet 

The  Cippoletti  Formula  is  the  same  with  a  constant  of  3.367 
instead  of  3.33. 

The    Smith- Francis    formula    is   as    follows    for   cubic   feet   per 


(1  =  8.2»(l-5|)h> 


d  as  follows  when  the  discharge  is  in  gallons  per  minute: 
L  is  length  of  weir  in  inches,  and    . 
h  is  head  of  water  over  weir  in  inches. 


Q  =  2.«(l.-5^„)h» 


)  large  t 

are  measured  100  feet  or  more  in  length  along  the  side  and  sound- 
ings taken  across  the  stream  at  these  points  to  obtain  the  cross 
section.  Floats,  so  weighted  that  they  will  be  in  the  center  of 
average  velocity,  are  timed  as  they  pass  over  a  given  course. 
Having  the  average  cross  section  of  the  stream  and  the  average 
velocity  of  the  floats  over  the  section  on  which  this  average  cross 
section  was  taken,  (he  computation  of  the  flow  is  readily  per- 
formed. 

The  following  is  an  abridgement  of  an  article  by  Ernest  W. 
Schoder,  in  The  Engineering  Record,  September  3,  1904 : 

This  form  of  diagram  for  the  solution  of  the  usually  recurring 
problems  in  pipe  hydraulics  has  the  merits  of  dependence  on  a 
definite  basis,  simplicity,  compactness  and  quite  suflicient  accuracy. 
It  is  based  on  diagrams  by  Professor  Church  of  Cornell  University. 

In  the  accompanying  diagram  the  entire  range  of  ordinary 
practice  is  included.  Enough  lines  are  drawn  so  that  interpola- 
tion will  give  rather  more  than  justifiable  accuracy  for  all  pur- 
poses of  design. 

It  is  drawn   upon    logarithmic   cross   section   paper,  which  ta 
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DIAGRAM  FOR.  PLOW  OF  WATER  IN  CLEAN  CAST  IRON  OR  WROUQHT  IRON 
PIPES.    Bu«d  Ml  the  Formula,  H.  in  Fr.  per  1000  F(.,  -  0.3S  ^-|^. 
<  Tnni.  Am.  Soc.  C.  E..  Vol.  LI.  ) 
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ruled  like  a  common  slide  rule,  therefore  a  cross  section  line 
marked  with  a  certain  value  represents  actually  the  logarithm  of 
that  value.  The  abscissas  represent  logarithms  of  values  of  Ihe 
hydraulic  slope,  or,  as  on  the  diagram,  a  multiple  of  the  same, 
i.  e.,  "friction  head,"  in  feet  per  thousand  feet  length  of  pipe. 
Table  Giving  Weights  and  Thicknesses  of 
Cast  Znm  Pipe. 
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(After  describing  the  fonnulas  and  the  manner  in  which  the 
diagram  is  constructed  the  following  directions  for  use' are  given.) 

In  use,  if  the  head  and  diameter  be  given,  the  intersection 
of  the  lines  for  the  given  values  will  give  the  velocity  and  dis- 
charge. The  latler  can  be  read  in  cubic  feet  per  second  on  the 
right  of  the  diagram,  or  in  millions  of  gallons  per  day  on  the  left, 
as  may  be  desired.  If  the  discharges  only  be  given,  the  required 
heads  and  the  corresponding  velocities  for  different  diameters  of 
pipe  can  be  read  off  by  following  along  the  horizontal  line  for 
the  given  discharge,  and  noting  intersections.  If  the  diameter 
only  be  fixed,  the  required  heads  for  various  discharges  can  be 
found  by  following  along  the  line  for  the  giver,  diameter. 

For  old  pipes,  not  too  badly  fouled  or  too  heavily  tuherculated 
(with  sufHcient  exactness  in   ordinary   cases)    increase  the   diagram 
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•   decrease  the   diagram   discharge  and  velocity  by 

al,   for  pipes   in  good   condition,   the   diagram  may  be 
give  results  rather  on  the  safe  side  than  otherwise. 

Hdght  of  Qiimneys  in  Feet — 
Commercial  Horse  Power 
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Examples, — 1.  Given  a  bead  of  100  feet  in  five  miles,  required 
the  discharge  for  various  diameters  of  pipe.  The  head  per  1,000 
feet  is  here  3.78  feet.  Following  down  the  space  in  which  this 
value  occurs,  we  find  that  a  48-inch  pipe  will  give  109  cubic  feet 
per  second  (read  on  the  right)  or  70,000,000  gallons  per  day 
(read  on  left).  So,  also,  pipes  of  36  inches,  34  inches,  16  inches, 
8  inches  diameter  will  discharge,  respectively,  51,  IT,  5.8,  0.91  cubic 
feet  per  second,  or  33,000,000,  11,000,000,  3,750,000,  590,000  gallons 
per  day. 

2.  Given  a  discharge  of  10,000,000  gallons  per  day,  required 
the    necessary    Head    for    different    diameters    of    pipe.     Following: 
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horizontally  along  the  line  for  which  this  discharge  is  marked  at 
the  left  of  the  diagram,  we  lind  that  a  36-inch  pipe  uith  a  head 
of  0.43  feet  per  1,000  feet  will  answer.  Also  pipes  of  diameters 
30  inches  and  21  inches  will  give  the  required  discharge  If  the  heads 
be,  respectii'ely,   1,02  and  -iS  feet  per   1,000  feet. 

3.  It  is  desired  to  limit  the  velocity  in  a  cast-iron  pipe  line 
supplying  power  to  B.S  feet  per  second.  The  quantity  of  water 
required  is  12  cubic  feet  per  second.  What  size  of  pipe  is  neces- 
sary and  what  loss  of  head  is  involved?  Noting  the  intersection 
of  the  line  for  2.3  feet  per  second  velocity  with  the  horizontal 
line  for  12  cubic  feet  per  second,  we  see  that  a  30-inch  pipe  losing 
a  head  of  0.66  feet  per  1,000  feet  will  answer  the  requirements. 

In  the  chapter  on  water  supply  a  table  is  given  of  water 
pressures  as  reduced  by  hose.  The  following  table  is  of  the  same 
nature,  but  deals  «ith  single  and  siamesed  connections,  such  as 
are  used  in  buildings  for  fire  protection  : 

TABLE  OF  REQUIRED  HYDRANT  PnesSURES    (POIJNDS). 

Howdinmeler.  2%"  3"  3%" 

Hose  ILdm.  smile  atiDCHd  ti,^u  biihhi  bluIi  siiBwd 

Smooth  bare  noiilc.  IH"     2'       ly,"         2"      l^i'        2' 

Length    of    hose    lin* IOC       121       139        92  101       84.B        88 

ISC       139       170        B9.S       113      87,B        93.5 

20ff       158      201       107  125      91.  99. 

260-       176J(   232       1I4.S       137       94.S       1M.5 

300'       I9S      263       122  149      08         110 

400'       232      325       137  173     105         121 

tl<ne,— rrom  dati  derived  from  experiments  by  John  R.  Freeman 
ITranoctions  American  Societv  at  Civil  EngineerB,  Kavem- 
ber,  1899) 

The  loas  of  preuiurr  in  (he  3-ineh  and  3U-inch  hose  probably 
repreecnte   iinusuBlly   good   conditions,   and    in    practice   may 
somewhat    exceed    the    above    figures.     Not    included    in    the. 
above  are  lossci  not  exceeding  5  ib».  incurred  in  ■  liames* 
connection. 
The  table  of  Fire  Stream  Data  is  intended  to  be  used  in  con- 
nection   with    calculations    for    heighn    of    towers    when    such    a 
system  of  supply  is  contemplated. 

The  other  tables  here  presented  may  be  useful  in  connection 
with  water  works  design  or  extension. 

With  a  joint  about  ZYi  inches  deep  the  weight  of  lead  per 
running  foot  is  equal  to  about  one-sixth  of  the  diameter  of  the 
pipe  in  inches.  If  a  4-inch  joint  is  used,  the  weight  of  the  lead 
per   running   foot    is    equal   to   about   one- fourth   of  the   diameter 


0.  Google 


WATER  SUPPLY. 


Fire  Stream  Data  for  I -Inch  Smopth  Nozzle 

This  T&ble  Bl>o  Serves  tor  ijfi-lnch  Ring  Nozzle 
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Friction  of  Wster  in  Pipes 

Friction  loaf  in  pounds  preasure  per  iquare  inch  for  each 
100  feet  of  length  in  different  Biee  clean  iron  pipe,  dischaTginff 
given  quantities  of  water  per  minute. 
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Coatenu  in  Cubic  fe«,  U.  S.  gallont  va&  wdghi  of 
-  water  per  foot  length  for  pipe  of  various  diameien, 
alio  area  in  square  feet  and  inchci,  and  drcumfercnce 
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CHAPTER  Vlll, 
CONCRETE. 


The  writer  does  not  wish  to  be  accused  of  pl^iarisni,  and  as 
many  readers  will  recognize  parts  of  this  chapter,  he  wishes  to  make 
a  preliminary  explanation.  i.ast  year  he  wrote  for  a  firm  man- 
ufacturing a  concrete  mixer  a  httle  pamphlet  entitled  "Instructions 
to  Agents."  In  preparing  this  chapter  on  concrete  the  scissors  have 
been  used  pretty  liberally  on  that  pamphlet,  and  whole  paragraphs 
have  been  used  here  without  alteration.  As  many  thousands  of 
copies  were  distributed,  it  is  more  than  likelj'  some  of  the  readers 
of  this  book  will  have  read  it.  There  is  far  more  in  this  chapter, 
however,   than   the   pamphlet   contained. 

Lime  is  an  ordinarj-  article  of  commerce,  obtained  by  burning 
limestone  to  drive  off  the  moisture  and  carbonic  acid  g^s-  By  mix- 
ing lime  with  water  into  a  paste  the  moisture  is  restored  and  the 
lime  gradually  absorbs  frum  the  atmosphere  carbonic  acid  gas.  and 
will   again  become   limestone. 

If  large  quantities  of  lime-mortar  are  used  in  a  mass  of  masonry 
it  often  happens  that  in  the  interior  of  the  mass  the  mortar  neicr 
hardens  because  the  hardening  of  the  mortar  on  the  outside  shuts 
o(F  the  supply  of  air  on  which  it  depends  for  a  hardening  element. 

Sand  is  mixed  with  lime  paste  tor  three  reasons  i 

1st.    It  is  economical. 

2d.    It  toughens  the  paste  so  that  it  does  not  crack  In  setting. 

3d.  It  increases  considerably  the  crushing  strength.  Lime  and 
sand  mortar,  when  set,  is  an  artificial  sandstone  containing  ahiuK  lij 
•->■-' I 
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per  cent  carbonate  ct  lime.  The  mort  sJiid,  llie  quicker  it  will  .et, 
and  the  harder  it  will  become  up  to  a  certaui  point  where  Go  much 
sand  is  used  that  the  lime  paste  can  not  sufficiently  bind  the  grains 
of  sand  together. 

Cement  is  really  a  stone-forming  material  also,  in  which  silica 
or  sand  forms  one-quarter  to  one-third  of  the  entire  mixture,  and 
lime  is  practically  two-thirds  of  the  mixture. 

Alr.mina  is  the  next  principal  ingredient  and  there  are  varions 
other  chemicals  in  small  amounts,  few  of  which  are  necessary,  and 
so^e  of  which  are  impurities.  Cement  is  so  closely  allied  to  lime 
[hat  it  is  important  to  remember  this  connection. 

Cement  was  developed  because  masons  needed  a  mortar  -hat 
would  set  beneath  water  and  because  they  also  wanted  a  mortar  that 
would  be  durable  when  attacked  by  the  elements. 

Some  men  found,  centuries  ago,  that  common  clay  added  to 
lime-mortar  made  it  set  much  more  rapidly  and  also  made  a  very 
strong  mortar.  It  was  not  a  permanent  mortar,  however,  because  the 
day  would  disappear  when  exposed  to  the  elements.  This  was 
guarded  against  by  having  the  mortar  in  the  interior  of  the  mass  ;.if 
masonry  contain  considerable  clay,  and  on  the  outside  the  joints 
were  grouted  with  a  pure  lime-mortar.  This  lime  would  harden, 
and  as  the  years  went  by.  become  strong,  so  that  the  interior  mortar 
was  amply  protected 

The  ancitnts  discovered  that  \f  ciay  was  burned  and  ground  to 
a  very  fine  powder  that  it  could  be  mixed  with  lime  and  a  mixture 
was  made  which  would  set  under  water.  This  was  the  beginnmg 
of  the  manufacture  of  hydraulic  mortar. 

In  the  numerous  volcanoes  on  the  shores  of  the  Mediterranean, 
the  Romans  found  excellent  kilns  for  preparing  their  hydraulic  base 
for  this  lime-mortar.  The  dust  most  often  used  came  from  the  vil- 
lage of  Puzzuolo,  hence  the  name  generally  given  to  Roman  cements, 
Puzzuolani,  or,  as  It  is  today  spelled,  '"Puzzolan." 

For  (his  reason  all  the  cements  that  are  made  by  the  addition  of 
burned  clay  or  volcanic  .dust,  ashes  or  furnace  slag,  to  lime,  and  then 
ground  together  without  afterward  burning  them  are  called   "Puz- 

A  few  years  ago  some  steel  companies  in  the  United  States  com- 
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menced  the  maimfacture  of  a  "Portland  slag'"  cemer.t,  containing 
furnace  slag,  and  such  cements  are  now  called  "Puzzoian  Cements." 
The  change  was  made  because  the  officers  of  the  Corps  of  Engineers 
of  the  United  States  Army  decided  to  designate  cement  which  was 
not  burned  after  the  intimate  mixing  of  the  ingredients,  a  Puz- 
zoian cement,  for  there  are  some  true  Portland  cements  made  from 
furnace  slag  in  which  the  materials  are  burned  after  being  mixed  to- 
gether. The  name  "Portland  Slag''  was  therefore  dropped  to  pre- 
vent  misunderstandings. 

Natural  cement  is  made  from  a  limestone  containing  a  consid- 
erable amount  of  clay.  This  stone  is  burned  and  ground  as  it  comes 
from  the  earth,  without  any  admixture  of  other  materials.  It  is  a 
good  cement,  but  generally  not  suitable  for  sidewalk  or  bititding 
block  work 

In  the  specifications  following,  the  diflerences  between  Port- 
land and  natural  cements  are  made  plain.  While  natural  cement 
does  not  weather  so  well,  it  is  excellent  where  kept  continually 
moist.  In  any  place  where  great  strength  is  not  required  and  where 
weight  and  mass  count,  natural  cement  is  as  good  as  Portland. 
When  there  is  any  material  diRerence  in  price  it  pays  to  investi- 
gate the  merits  of  natural  cement. 

Puzzoian  cement  is  very  strong,  but  must  be  mixed  pretty  dry, 
and  is  only  useful  in  places  where  it  can  be  kept  continually  moist, 
or  where  it  can  absorb  considerable  moisture.  It  is  all  right  for 
street  foundations,  cellar  floors,  masonry  walls  along  the  bank;  of 
rivers,  shores  of  lakes,  etc.  Where  exposed  to  dry  air  it  deteriorates 
by  cracking  and  checking.  This  because  the  sulphides  leach.  It  is 
dangerous  to   use   in  reinforced   concrete. 

Portland  cement  is  so  called  because  of  its  "re  semblance  in  color 
to  the  famous  Portland  building  stone  of  England.  <ind  is  an  artificia' 
product  made  by  properly  combinmg  certain  ingredients  carrying 
lime,  silica  and  alumina,  and  burning  them  at  in  intense  heat;  then 
grinding  same,  and  to  which  no  addition  of  chemical  substances  is 
made  in  excess  of  3  per  cent  aft-r  burning. 

An  excess  of  lime  in  cement  is  harmful  because  It  is  likely  to  be 
free,  and  in  that  ca^ie  will  expand  when  setting  anil  destroy  the 
structure.     As  much  cement  as  can  be  put  on  a  five-cent  nickel  piece 
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can  be  moisteiMd  with  about  a  half  teaspoonful  of  water  and  a  paste 
made.  This  paste  can  be  covered  with  muriatic  acid,  gently  poured 
on,  and  the  mixture  stirred  with  a  glass  stirring  rod.  It  the  cement 
is  a  pure  Porlbnii  there  will  be  a  alight  effervescence  and  a  slight 
odor.  At  the  conclusion  of  the  operation  a  bright  yellow  jelly  will 
be  seen  in  the  place  of  the  paste.  If  there  is  considerable  efferves- 
cence so  that  the  aci,!  seems  to  boil  ajid  a  very  distinct  odor  is  given 
off  it  is  plain  that  an  excess  of  lime  is  in  the  cement.  If  the  cement 
has  been  adulterated  with  silica  there  will  be  a  heavy  sediment 
in  the  jelly. 

A  word  as  to  this  adulteration  with  silica.  When  cement  lie- 
comes  high  in  price  certain  manufacturers  place  on  the  market  a  sand 
or  silica  cement.  This  is  composed  of  Portland  cement  mixed  with 
clean  sand  and  then  the  two  ground  together.  This  grinding  makes 
the  cement  very  fine  indeed  and  reduces  the  sand  to  a  degree  of  fine- 
ness generally  called  for  in  the  best  cements.  If  properly  done,  it 
makes  a  very  strong  cement,  but  it  is  in  reality  an  adulteration,  and 
at  the  present  low  prices  of  cement  there  is  no  excuse  for  a  man  pur- 
chasing it  In  the  above  test  the  sediment  will  indicate  an  adultera- 
tion of  silica  and  the  cement  should  be  rejected. 

To  ascertain  whether  the  cement  is  a  Puzzolan  requires  a  little 
more  careful  test,  but  in  general,  we  can  say  that  a  Puzzolan  cement 
is  not  gritty  to  the  feeling  like  a  true  Portland  cement,  and  instead 
of  being  a  bluish  gray  color  it  is  a  light  lilac  in  tint,  approaching 
while.  It  is  also  much  lighter  than  Portland,  the  specific  gravity 
being  much  less. 

If  some  cement  is  mixed  into  a  paste  on  a  glass  or  metal  table, 
so  that  none  of  the  moisture  can  escape,  and  made  into  pats,  a  pat  of 
good  cement  will  remain  even  in  color.  A  pat  of  Puzzolan  cement 
will  show  yellow,  green  and  brown  stains. 

For  years  there  have  been  many  different  requirements  for 
cement,  and  in  1904  standard  specifications  were  prepared.  .The 
readers  of  this  book  are  asked  to  insert  the  following  clause  in 
all  their  specifications  for  cement. 

"Cement  furnished  shall  comply  with  the  standard  specifications 
prepared  by  the  American  Society  for  Testing  Materials." 

The  methods  proposed  by  the  American  Society  of  Civil  En- 
tpneers  are  a  part  of  the  standard  speciii  cat  ions. 
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REPORT  OF  COMMITTEE  OF  THE  AMERICAN  SOCIETY 
FOR  TESTING  MATERIALS. 

AmrtKD  sv  thb  Sfteinr,  Novmin  14.  IM4. 

ADOrmi  IV  THE   ASSOCIATTOK  OF  AuitlCjtN   Po*TI.AI(D    ClHINT   U 

Jinii   la,   IWt. 
Ammp  IV  mi  Akuicak  Railway  Enoinedhho  and  Maihtii 


1.  These  remarks  have  been  prepared  with  a  view  of  pointing 
out  the  pertinent  features  of  the  various  requirements  and  ibe 
precautions  to  be  observed  in  the  interpretation  of  the  results  of 
the  tests. 

2.  The  Committee  would  suggest  that  the  acceptance  or  rejec- 
tion under  tbese  specifications  be  based  on  tests  made  by  an  expe- 
rienced person  having  the  proper  means  for  making  the  tests. 

SPECIFIC  GRAVITY. 

specific  gravity  is  useful  in  detecting  adulteration  or  under- 
burning.  The  results  of  tests  of  specific  gravity  are  not  necessarily 
.  conclusive  as  an  indication  of  the  quality  of  a  cement,  but  when  in 
combination  with  the  results  of  other  tests  may  afford  valuable 
indications. 


i  should  be  kept  thoroughly  dry. 


5.  Great  care  should  be  exercised  to  maintain  the  test  pieces 
under  as  uniform  conditions  as  possible.  A  sudden  change  or 
wide  range  of  temperature  in  the  room  in  which  the  tests  are  made, 
a  very  dry  or  humid  atmosphere,  and  other  irregularities  vitally 
affect  the  rate  of  setting. 

STRENGTH. 


6.  Each  consumer  must  fix  the  minimum  requirements  for 
tensile  strength  to  suit  his  own  conditions.  They  shall,  however, 
be  within  the  limits  stated. 

7.  The   tests   for   constancy   of   volume   are   divided   into   two 
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dasMS,  the  first  normal,  the  second  accelerated.  The  latter  should 
be  regarded  as  a  precautionary  test  only,  and  not  infallible.  So 
many  conditions  enter  into  the  making  and  interp''^'i'S  o^  >*  ^^^^ 
it  should  be  used  with   extreme  care. 

B.  In  making  the  pats  the  greatest  care  should  be  exercised 
to  avoid  initial  strains  due  to  molding  or  to  too  rapid  drying  out 
during  the  first  twenty-four  hours.  The  pats  should  be  preserved 
under  the  most  uniform  conditions  possible,  and  rapid  changes  of 
temperature  should  be  avoided. 

9.  The  failure  to  meet  the  requirements  of  the  accelerated 
tests  need  not  he  sufficient  cause  for  rejection.  The  cement  may, 
however,  be  held  for  twenty-eight  days  and  a  retest  made  at  the 
end  of  that  period.  Failure  to  meet  the  requirements  at  this  time 
should  be  considered  sufficient  cause  for  rejection,  although  in  the 
present  state  of  our  knowledge  it  can  not  be  said  that  such  failure 
necessarily  indicates  unsoundness,  nor  can  the  cement  be  consid- 
ered entirely  satisfactory  simply  because  it  passes  the  tests. 


1.    All  cement  shall  be  inspected. 

Z.  Cement  may  be  inspected  either  at  the  place  of  manufacture 
or  on  the  work. 

3.  In  order  to  allow  ample  time  for  inspecting  and  testing,  the 
cement  should  be  stored  in  a  suitable  weather-tight  building,  hav- 
ing the  floor  properly  blocked  or  raised  from  the  ground. 

4.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit 
easy  acceu  for  proper  inspection  and  identification  of  each  sbip- 

s.  Every  facility  shall  be  provided  by  the  contractor,  and  a 
period  of  at  least  twelve  days  allowed  for  the  inspection  and 
necessary  tests. 

6.  Cement  shall  be  delivered  in  suitable  packages,  with  the 
brand  and  name  of  the  manufacturer  plainly  marked  thereon. 

7.-  A  bag  of  cement  shall  contain  94  pounds  of  cement  net 
Each  barrel  of  Portland  cement  shall  contatin  4  bags,  and  each 
barrel  of  natural  cement  shall  contain  3  bags  of  the  above  net 
weight 

3.    Cement  failing  to  meet  the  seven-day  re<ntirements  may  l>5 
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held   awaiting  the    results    of   ilie    twenty-eight    day    tests  before 
rejection. 

9.  All  tests  shall  be  made  in  accordance  with  the  methods 
proposed  by  the  Committee  on  Uniform  Tests  of  Cement  of  the 
American  Society  of  Civil  Engineers,  presented  to  the  Society  Jan- 
uary 21,  1»03,  and  amended  January  20,  1904,  with  all  subsequent 
amendments  thereto. 

10.  The  acceptance  or  rejection  shall  be  based  on  the  follow- 
ing requirements : 

L  CEMENT. 


11.  DeSnition.  This  term  shall  be  applied  to  the  finely  pul- 
verized product  resulting  from  the  calcination  of  an  argillaceous 
limestone  at  a  temperature  only  sufficient  to  drive  off  the  carbonic 
acid  gas. 


The  specific   gravity   of  the   cement   thoroughly  dried  at 

.,  shall  be  not  less  than  S.8, 


13.  It  shall  leave  by  weight  a  residue  of  not  more  than  10  per 
cent  on  the  No.  100,  and  M.per  cent  on  the  No.  200  sieve. 

TIME    OP   SETTING. 

1*.  It  shall  develop  initial  set  in  not  less  than  fen  minutes,  and 
hard  set  in  not  less  than  thir^  minutes,  nor  more  than  three  hours. 

TENSILE   STRENGTH. 

IS.    The    minimum     requirements     for    tensile    strength     for 
briquettes  one  inch  square  in  cross  section  shall  be  within  the  fol- 
lowing limits,  and  shall  show  no  retrogression  in  strength  within 
the  periods  specified.* 
Age.  Neat  Cemtnl.  Slrengtk. 

2t  hours  in  moist  air 50-100  lbs. 

7  days  (1  day  in  moist  air,  6  days  in  water) 100-200  " 

28  days  (1  day  in  moist  air,  27  days  in  water) 300-300  " 

*For  example  the  minimuin  requirement  for  the  twenly-four  hour  neat 
cement  tcM  ■hoald  l>e  some  specUiea  value  within  the  limits  of  SO.and  100 
pctlndt,  and  to  on  for  eicb  period  iMted. 
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One  Part  Cement.   Three  Paris  Standard  Sand. 

.1  days  (1  day  in  moist  air,  6  days  in  water) 25-  75   " 

as  days  (1  day  in  moist  air,  37  days  in  water) 7S-J80   " 

CONSTAKIY   OF  VOLUME. 

16.  Pats  of  neat  cement  about  three  Inches  in  diameter,  one- 
half  inch  thick  at  center,  tapering  to  a  thin  edge,  shall  be  kept  in 
moist  air  for  a  period  of  twenty-four  hours, 

i(a)    A  pat  is  then  kept  in  air  at  normal  temperature, 
(b)     Another  is  kept  in  water  maintained  as  near  70°    F,  as 
practicable. 

17.  These  pats  are  observed  at  iulervals  for  at  least  28  days, 
and,  to  satisfactorily  pass  the  tests,  should  remain  firm  and  hard 
and  show  no  signs  o.  distortion,  checking,  cracking  or  disinte- 
grating. 


18.  DeHnitwn.  This  term  is  applied  to  the  finely  pulverized 
product  resulting  from  the  calcination  to  incipient  fusion  of  an 
intimate  mixture  of  properly  proportioned  argillaceous  and  cal- 
careous materials,  and  to  which  no  addition  greater  than  3  per  cent 
has  been  made  subsequent  to  calcination. 


19.    The  speciiic  gravity  of  the  cement,  thoroughly  dried  at  100' 
C,  shall  be  not  less  than  :!.lf). 


It  shall  leave  by  weight  a  residue  of  not  more  than  8  per 
I  the  No.  100,  ajid  not  more  than  35  per  cent  on  the  No.  200 


ai.     It  shall  develop  initial  set  in  not  less  than  thirty  minutes. 
but  must  develop  hard  set  in  not  less  than  one  hour,  nor  more  than 


requirements     for    tensile    strength    for 
inch  square  in  section  shall  be  within  the   following 
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tnnito,    and   sliall    show    no    retrogression    in    strength    within    the 
periods  specified.* 

Agt.                                   Neat  Cement.  Strength. 

24  hours  in  moist  air  150-200  lbs. 

7  days  ( 1  day  in  moist  air,  6  days  in  water) 450-530    " 

28  days  (1  day  in  moist  air,  27  days  in  water) 550-850   " 

One  Part  Cement.  Three  Parts  Sand. 

7  days  (I  day  in  moist  air,  6  days  in  water) 150-200   " 

28  days  (1  day  in  moist  air,  27  days  in  water) 200-300   " 


33.  Pats  of  neat  cement  about  three  inches  in  diameter,  one- 
half  inch  thick  at  the  centre,  and  tapering  to  a  thin  edge,  shall  be 
kept  in  moist  air  for  a  period  of  twenty-four  hours. 

(a)  A  pat  is  then  kept  in  air  at  normal  temperature  and 
observed  at  intervals  for  at  least  twenty-eight  days. 

(b)  Another  pat  is  kept  in  water  maintained  as  near  70'  F, 
as  practicable,  and  observed  at  intervals  for  at  least  twenty-eight 
days. 

■  (c)  A  third  pat  is  exposed  in  any  convenient  way  in  ai)  atmos- 
phere of  steam,  above  boiling  water,  in  a  loosely  closed  vessel  foi 
five  hours. 

24.  These  pats,  to  satisfactorily  pass  the  requirements,  shall 
remain  firm  and  hard  and  show  no  signs  of  distortion,  checking, 
cracking  or  disintegrating. 

SULPHURIC  ACID  AND   MAGNESIA. 

25.  The  cement  shall  not  contain  more  than  1.T5  per  cent  of 
anhydrous  sulphuric  acid  (SOt)  nor  more  than  4  per  cent  of  mag- 
nesia <MgO). 

CONCRETE 
Concrete  is  composed  of  sand,  stone  and  cement;  or  gravel, 
sand  and  cement;  or  sometimes  simply  of  cement  with  gravel  as  it 
is  taken  from  the  pit,  having  sufficient  sand   lo  practically  fill  the 

*For  exunplc  tbe  mininiuin  rcguircmnit  for  Ibc  twenty-foar  hour  tttut 
cement  tot  thould  be  •ome  spedtied  value  within  the  Inniti  of  ISO  md  IM 
pound*,  and  *a  on  for  each  period  BUted. 


0.  Google 


•.>;)0  EXGI-\ERR]SO    WORK. 

voids;  or  it  is  composed  of  what  is  called  "crusher  run"  stone. 
"Crusher  run"  stone  is  unscreened  stone  and  the  stone  dust  takes 
the  place  of  sand  in   concrete 

Limestone  is  generally  observed  to  be  a  good  material  when 
used  in  this  way  as  from  extensive  experiments  made  it  has  been 
shown  that  only  11  per  cent  of  voids  are  in  the  bulk. 

The  only  objection  to  stone  dust  is  that  during  the  crushing 
some  of  it  is  ground  nearly  as  fine  as  the  cement  and  will  collect  in 
small  lumps  and  masses  throughout  the  concrete,  thus  preventing  the 
thorough  distribution  of  the  cement.  It  is  necessary,  when  using 
crusher  run  stone  or  bank  gravel,  to  attend  very  carefully  to  the  dry 
mixing  of  the  aggregates  before  applying  the  water,  and  the  water 
should  be  applied  quickly  and  plentifully. 

The  writer  believes  that  for  very  particular  work  it  is  best  to 
screen  the  crusher  run  stone  and  afterward  mix  (he  various  products 
of  the  screens  to  obtain  (he  best  results.  He  advises  this  also  with 
gravel.  An  excess  of  mortar  is  weakening  and  as  stone  dust  is 
seldom  evenly  distributed  through  (he  stone  and  the  sand  is  seldom 
evenly  distributed  through  the  gravel  there  will  be  weak  spots. 

Cinders  are  used  by  fireproofing  companies  for  making  concrete. 
It  is  weaker  than  rock  concrete,  for  the  strength  of  concrete  is 
governed  by  the  strength  of  the  aggregates.  It  is,  however,  lighter 
than  rock  concrete  when  strong  enough  for  the  purpose  intended. 
Nails  can  also  be  driven  in  it  and  there  are  certain  advantages 
possessed  by  this  material  that  can  not  be  overlooked. 

The  danger  of  cinder  concrete  is  that  there  may  be  too  many 
ashes  in  i(  and  therefore  the  concrete  will  not  be  good.  There  may 
be  a  great  deal  of  un consumed  coal  in  the  cinders  and  this  is  a 
menace  in  case  of  fire.  Certain  coals  have  a  high  sulphur  content 
Cinder  concrete  made  from  cinders  produced  from  such  coal  never 
stops  expanding,  apparently,  and  numbers  of  buildings  have  been 
damaged  from  this  cause  alone.  Sulphur  attacks  metal  badly,  so 
that  reinforced  cinder  concrete,  made  from  cinders  carrying  much 
sulphur,  will  rapidly  weaken. 

In  hand  mixing  there  are  two  methods  followed.  Engineers 
often  specify  that  the  sand  shall  be  spread  out  on  a  tight  board 
platform  and  leveled  off  so  that  the  depth  will  be  three  or  four 
inches.  Over  this  is  spread  the  cement  with  a  hoe,  and  after  a  pre- 
tense  of   dry   mixing,   enough   of   the   material   is   drawn   from   the 
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middle  of  ihe  pile  to  leave  the  sand  and  cement  in  a  ring.  Wateir 
is  put  into  the  center,  and  with  hoes  and  shovels  the  sand  and 
cement  are  turned  over  and  over  and  the  water  incorporated  with 
them  until  a  thin  paste  is  formed.  The  stone  is  wet  and  thrown 
into  the  paste  and  the  mass  is  turned  over  and  over  until  each 
particle  of  stone  is  thoroughly  coated  with  the  cement  mortar.  The 
object  in  wetting  the  stone  is  to  prevent  it  absorbing  enough  water 
from  the  paste  to  injure  it  This  method  is  somewhat  slow,  and 
the  way  in  which  contractors  hurry  the  mixing  of  sand  and  cement 
does  not  always  produce  a  good  mixture. 

The  specifications  generally  say  that  the  mixing  must  contbue 
until  the  color  is  unifonn  before  the  water  is  added,  but  a  saving 
clause  is  generally  added  to  the  effect  that  "the  mass  must  be 
turned  over  dry  not   less  than  twice." 

Another  way,  generally  followed  by  contractors  when  doing 
work  for  which  no  specifications  have  been  prepared,  and  a  method 
that  ia  sometimes  specified  by  engineers,  is  to  spread  the  stone  on 
a  platform  as  many  inches  in  depth  as  there  are  parts  of  stone  in 
the  mixture;  then  place  on  this  sand  as  many  inches  deep  as  there 
are  parts  of  sand  in  the  mixture,  and  spread  over  the  sand  the 
cement. 

To  explain  this,  we  wilt  take,  for  instance,  a  mixture  composed 
of  one  cement,  three  sand  and  five  stone.  Using  Mie  bag  of  cement 
as  a  unit,  because  it  contains  one  cubic  foot  of  cement,  make  a 
wooden  box  with  a  capacity  of  exactly  five  cubic  feet  This  box 
will  have  no  bottom  and  no  top;  two  of  the  sides  will  project 
enough  so  that  handles  can  be  formed  by  cutting  the  ends  down  to 
the  proper  size. 

Place  this  box  on  the  platform  and  fill  it  with  th«  stone  level  to 
the  top  of  the  sides;  by  means  of  the  handles  lift  the  box  to  the 
side  and  then  with  hoes  and  shovels  spread  the  stone  out  until  it  is 
about  five  inches  in  depth ;  on  the  top  of  this  place  a  box  of  the 
same  kind  having  a  capacity  of  three  cubic  feet;  fill  it  with  sand, 
remove  the  box  and  spread  the  sand  over  Ihe  stone.  As  some  of 
the  sand  is  sure  to  go  into  the  stone,  it  is  customary  to  make  the 
sand  box  about  5  per  cent  smaller  in  capacity  than  is  indicated  by 
the  proportion  of  sand  in  the  mixture.  When  the  sand  is  spread 
over  the  stone  empty  a  bag  of  cement  on  the  sand  and  spread  it  out. 
Then  let  two  men  at  one  end  shovel  the  mass  over  to  the  other  end 
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of  the  platform.  They  are  to  put  their  shovels  in  at  the  lioiiom 
and  turn  them  over  so  that  the  materials  fall  off  the  shovels  and 
are  not  thrown  off.  The  whole  mass  is  moved  about  two  feet  to 
the  side  and  then  in  the  same  manner  shoveled  back.  This  shovel- 
ing i;  twice  piles  it  up  and  distributes  the  cement  and  sand  very 
thoroughly.  Then  have  a  man  stand  with  a  sprinkling  pot  to  one 
side  and  the  shovelers  will  shovel  the  mass  over  a  third  time  while 
the  water  lender  is  sprinkling  on  the  water.  It  is  shoveled  a  fourth 
lime  to  complete  the  diffusion  of  moisture  and  when  it  is  put  into 
the  wheelbarrows  it  gets  a  fifth  turning. 

Some  men  dump  the  material  directly  from  wheelbarrows  in:o 
the  structure  and  if  the  wall  is  a  thick  one,  or  if  it  is  a  large  pier 
oi  a  broad  surface,  like  a  sidewalk  or  tloor,  this  is  all  right.  Should 
the  wall,  however,  be  thin,  or  be  a  column  or  narrow  structure, 
the  best  way  is  to  take  tlie  material  from  the  wheelbarrows  in 
shovels  and  throw  it  into  place.  This  should  be  done  if  the 
height  is  great ;  otherwise  air  will  be  trapped  and  the  resulting 
concrete  will  not  be  uniform.  Even  tamping  will  not  remove  this 
lack  ot  uniformity. 

With  walls,  where  the  forms  can  be  carried  up  a  few  feet 
at  a  lime,  throwing  the  concrete  in  wilh  shovels,  is  the  best  way. 
Columns  have  the  forms  built  the  whole  height.  \  method  often 
adopted  with  this  construction  is  to  have  a  pipe  made  in  sections 
with  a  Haring  lop.  This  pipe  goes  nearly  to  the  bottom  of  the 
column  and  the  concrete  is  poured  into  it.  The  pipe  is  raised  from 
time  to  lime  and  churned  up  and  down.  When  it  rises  so  that  a 
section  can  be  rpmo\'ed.  this  is  done.  Concrete  for  columns  U 
generally  softer  than  concrete  for  slabs  and  beams. 

The  old  way  of  mixing  concrete  was  to  put  in  just  as  litllc 
water  as  will  hold  the  cement-mortar  together.  This  is  what  is 
called  the  "dry"  method  of  mixing  concrete.  In  this  method,  if 
a  handful  of  concrete  is  taken  up  and  squeezed  it  will  retain  Its 
shape  when  the  hand  is  opened ;  but  will  not  be  wet  in  appearance 
and  will  not  stain  the  hand.  Such  concrete  is  generally  deposited 
in  place  and  tamped  very  thoroughly  until  the  excess  of  moisture 
is  driven  to  the  top  and  the  mass  becomes  quakey. 

It  is  surprising  to  see  how  wet  concrete  will  become  under 
thorough  tamping  when  to  the  eye  it  looks  perfectly  dry  before 
being  put  in  place. 
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This  method  was  the  only  one  permitted  up  to  twelve  or  fifteen 
years  ago  by  the  majority  of  engineers. 

It  has  been  found  by  careful  experiments  made  in  hundreds 
of  places  that  concrete  mixed  by  this  method  is  much  stronger  on 
short  time  tests  than  concrete  mixed  with  an  excess  of  moisture. 
When  briquettes,  however,  are  kept  one  or  two  years,  and  then 
tested,  very  little,  if  any,  difference  in  strength  can  be  observed.  It 
therefore  seems  that  when  the  excess  of  moisture  disappears  from 
the  concrete  the  strengthening  process  goes'  on  as  it  does  when 
the  concrete  is  mixed  with  just  enough  water  to  fulfill  the  theoretical 
requitements.  If  mixed  too  dry,  the  wetter  mixed  concrete  stwn 
surpasses  it  in  strength. 

Today  we  see  the  "dry"  method  used  only  in  places  where 
quick  strength  is  required.  That  is,  where  a  contractor  is  working 
on  a  time  limit  and  must  take  his  forms  down  quickly.  It  is  also 
extensively  used  by  building  block  men,  for  the  reason  that  they 
must  be  able  to  take  their  blocks  quickly  from  the  moulds  if  they 
want  to  avoid  a  large  investment  in  machinery.  There  are  some 
block  machines  in  the  market  that  could  not  exist  if  the  concrete 
were  not  mixed  "dry."  There  are  other  machines  so  constructed 
that  CMicrete  can  be  mixed  fairly  wet,  and  others  so  made  that 
the  concrete  is  mixed  as  wet  as  soup,  and  poured  in.  Each  manu- 
facturer claims  that  his  method  is  absolutely  "the  best." 

In  a  wet  mix  the  concrete  may  be  simply  a  little  wetter  than 
a  ''dry'  mix,  or  it  may  be  so  wet  that  it  will  run.  All  contractors 
who  advocate  wet  mixtures  have  their  preferences  for  some  par- 
ticular degree  of  moisture. 

The  advantage  claimed  for  the  wet  mixture  is  that  the  material 
will  require  less  tamping  and  will  flow  into  place,  producing  a 
better  surface  on  the  face  of  "wall  and  all  exposed  surfaces.  It  is  also 
believed  by  a  great  many  contractors  that  there  is  considerable 
labor  saved  when  mixing  concrete  wet,  for  they  say  the  water 
distributes  the  cement  throughout  the  mass  belter  than  shovels 
can  do  it  Other  men  dispute  this  and  state  that  an  excess  of 
water  simply  gives  the  concrete  a  well  mixed  appearance,  without, 
in  fact,  improving  the  mixture.  They  claim  that  it  is  only  possible 
to  get  a  thorough  mix  by  hand  by  using  the  "dry"  method. 

In  an  extremely  wet  mixture  there  is  a  slight  tendency  during 
the  setting  process  for  the  cement,  because  of  its  heavier  specific 
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irravitj,  to  settle  to  the  bottom,  and  this  produces  a  concrete  that 
u  not  uniform.  Thii  is  an  honest  objection  to  extremely  wet 
concrete. 

It  has  an  advantage,  however,  in  this:  Re-inforced  concrete 
ia  coming  greatly  into  use.  As  the  metal  is  placed  in  the  lower 
part  of  the  structure,  if  there  is  any  tendency  of  the  cement  to 
go  to  the  bottom  it  is  apt  to  get  into  the  part  of  the  beam  where 
the  steel  is  placed  and  will  there  cover  the  steel  in  such  a  manner 
aa  to  thoroughly  protect  it.  In  fact,  the  great  use  of  steel  re- 
enforcement  in  concrete  is  largely  responsible  for  the  increased 
favor  with  which  wet  mixtures  are  regarded  by  workers  in  concrete. 
Re-in forcing    steel    should    always    be    painted    with    neat    cement 

Concrete  surfaces  should  never  be  plastered.  When  specifica- 
Uoiis  are  prepared  that  call  for  plastering  the  face  of  concrete  it 
may  be  set  down  that  the  man  writing  .the  specifications  knew 
little  about  his  business,  and  is  not  fit  to  write  specifications  for 
concrete  work. 

An  exception,  however,  is  made  when  the  plaster  coat  can  be 
qiplied  to  the  concrete  before  it  is  set.  This  happens  with  side- 
walks, floors  and  curbing.  With  concrete  deposited  in  forms, 
however,  no  plastering  can  be  placed  on  the  face  of  the  concrete 
after  the  forms  are  removed.    It  will  not  adhere  propedy. 

Forms  should  be  treated  with  crude  oil  or  a  mixture  of  soap, 
when  a  smooth  surface  is  wanted.  The  men  should  be  supplied  with 
flat,  narrow  spades  or  with  tools  like  potato  forks,  with  which  to 
gpade  and  work  the  material  next  the  face,  so  the  mortar  can 
flow  there  and  not  permit  stones  to  show.  This  is  practically  the 
only  way  to  get' a  good  face. 

Concrete  should  be  kept  moist  for  at  least  ten  days  after  it 
is  deposited  in  place.  Cement  requires  moisture  to  set  it,  and  if 
that  moisture  is  not  supplied  with  the  mixture,  then  it  must  be 
Dupplied  afterwards,  so  it  is  customary  to  cover  all  completed 
ttructures  with  wet  earth,  sand,  doth,  or  other  materials  that  will 
reUin  moisture,  in  such  a  way  that  the  concrete  can  absorb  the 
moisture. 

When  moisture  is  supplied  with  the  mixture  then  the  cement, 
in  the  process  of  setting,  will  absorb  the  excess.  This  is  the  reason 
that  in  long  time  tests,  concrete  mixed  very  wet  shows  up  as  well 
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e  mixed  dry  and  kept  moist  during  ih;  process  of  setting. 
In  testing  cements  in  a  laboratory  the  briquettes  are  kept  in  the 
air  at  a  temperature  of  about  70  degrees  until  they  have  attained 
their  initial  set,  which  requires  from  half  an  hour  to  three  hours. 
They  are  then  placed  in  a  box  with  shelves,  having  water  in  the 
bottom  of  it,  and  the  sides  hung  with  damp  cloths.  In  this  box 
they  are  kept  twenty-four  hours.  Some  of  them  are  then  kept  in  the 
air  until  tested,  and  others  are  kept  in  water.  Those  kept  in 
water  generally  show  the  greatest  strength  and  defects  show  up 
more  quickly  in  those  kept  in  the  air  than  in  those  kept  in  water. 
This  shows  that  water  is  essential  in  the  setting  of  concrete,  but  in 
the  mixing  of  concrete  the  amount  of  water  depends  entirely  upon 
the  judgment  of  the  man  using  same,  provided  he  does  not  mix 
the  mortar  as  thin  as  milk,  so  that  the  cement  will  be  washed  out. 
Every  drop  of  water  added  to  a  concrete  mixture  after  it  has  just 
enough  retards  its  setting. 


A  man  starting  in  the  concrete  business  hears  a  great  deal  about 
the  relative  strength  of  mixtures.  Some  men  tell  him  to  use  a  1-2-.S ; 
others  say  a  1-2-4  is  better ;  some  scoff  at  these  and  say  that  a  1-3-6 
is  strong  enough,  while  still  others  will  tell  about  leanftr  mixtures 
and  the  wonderful  strength  obtained. 

Concrete  has  a  compressive  strength  varying  from  say  600 
pounds  to  the  square  inch — such  as  we  see  in  a  great  many  dry 
mixed  building  blocks — to  a  strength  as  great  as  4,000  pounds  to  the 
square  inch.  The  latter  strength  was  obtained  with  concrete  bars 
made  for  testing  purposes  and  cured  under  water.  Concrete  should 
have  a  compressive  strength  of  fully  2,ooo  pounds  lo  the  square 
inch.  The  strength  of  concrete  depends  entirely  upon  how  well 
the  voids  are  filled  with  the  cementing  ntedium.  Therefore,  a  lean 
mixture,  thoroughly  mixed,  will  oftentimes  attain  as  great  strength 
as  a  fatter  mixture. 

The  terms  "fat"  and  "lean"  are  used  among  European 
engineers  and  scientific  men  generally  to  indicate  the  amount 
of  cement  in  the  concrete.  A  "fat'  mixture  varies  from  one  part 
of  cement  to  one  pari  of  sanU,  to  a  mixture  of  one  pari  of  cement, 
two  parts  of  sand  and   four  parts  of  small  broken   slone  or  clean 
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gravel.     Any  concrete  having  a  smaller  proportion  of  cement  is 
called  a  "lean"  mixture. 

In  the  United  States  a  great  many  men  speak  of  the  fat  mixture 
as  being  "rich"  and  the  lean  mixture  as  being  a  "poor"  mixture, 
meaning  that  one  is  rich  in  cement  and  the  other  is  poor  in  cement. 
These  terms,  however,  are  not  correct  when  it  is  considered  that 
a  lean  mixture,  although  containing  a  less  amount  of  cement  than  a 
fat  mixture,  is  not  a  poor  mixture.  Whether  one  is  as  strong  as 
the  other  in  compressive  strength  depends  largely  upon  the  degree 
of  care  exercised  in  distributing  the  cement-mortar  throughout  the 

The  voids  in  broken  stone,  sand  and  gravel  or  other  materials 
used  in  making  concrete  vary  from  33  per  cent  to  50  per  cent  of  the 
entire  mass.  In  order  to  get  a  good  mixture  it  is  generally  figured 
that  the  stone  contains  50  per  cent  of  voids  and  that  the  sand  con- 
tains 50  per  cent  of  voids — the  cement  to  fill  the  voids  in  the  sand 
and  be  slightly  in  excess. 

On  this  basis  the  theoretically  perfect  mixture,  in  which  stone 
is  used,  is  1-2-4,  for  the  reason  that  the  sand  and  stone  are  gener- 
ally mixed  loose  and  the  voids  will,  therefore,  be  about  50  per  cent. 
If  shaken  in  the  measuring  box,  or  slightly  tamped,  the  proportion 
of  voids  can  be  reduced  to  about  one-third  of  the  mass. 

A  neat  mortar  is  composed  of  cement  alone  and  is  supposed 
to  be  water  tight,  although  that  depends  upon  the  amount  of  water 
used  in  mixing  and  the  care  taken  in  curing.  If  not  cured  properly 
it  will  crack.  A  mixture  of  one  part  of  cement  up  to  three  parts  of 
sand  will  be  water  tight  if  properly  mixed  and  thoroughly  tamped. 
A  mixture  of  1-3-5  may  be  water  tight  also  if  properly  mixed  and 
thoroughly  tamped,  but  that  again  depends  upon  the  porosity  of  the 
Stone  used.  As  a  rule  a  leaner  mixture  than  one  part  of  cement 
to  three  parts  of  sand  can  not  be  expected  to  be  water  tight  when 
any  stone  is  used. 

There  are  a  number  of  proportions  used  generally  by  engineers 
and  contraciors.  Some  men  have  a  preference  for  one  proportion 
and  some  for  another,  and  it  is  not  worth  while  to  argue  as  to  the 
respective  merits  of  the  different  mixtures,  for  the  reason  that  per- 
fect concrete  is  that  in  which  the  voids  in  Ihe  stone  are  filled  with 
sand  and  the  voids  in  the  sand  are  filled  with  cement,  all  so 
thoroughly   mixed   together   that   every   particle   of   sand   is   coated 
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with  cement  and  every  particle  of  stone  is  entirely   coated   with 

the  sand  and  cement-mortar.  Any  mixture  of  concrete  may  be 
strong,  provided  the  materials  are  uniformly  distributed  throughout 
the  mass,  and  it  is  so  well  tamped  that  all  the  stone  and  sand 
can  be  cemented  together  by  the  cement.  A  1-2-4  mixture  may 
be  a  perfect  mixture  for  some  sires  of  sand  and  stone  and  yet  not 
be  a  perfect  mixture  when  the  stone  is  broken  into  larger  sizes. 
The  size  of  the  stone  is  not  of  great  consequence  otherwise. 

The  table  presented  herewith  shows  how  the  proportions  vary 
with  different  sizes  of  aggregates. 


\rwvm  paper  on  -^.oncreie-  6y  Cbu.  HitclicmJ 

When  the  best  concrete  obtainable  is  wanted  the  proportions 
should  be  fixed  by  the  cement  mortar.  The  following  extract  from 
specifications  recently  prepared  by  the  writer  for  a  reinforced 
e  chimney  illustrates  this: 

"The  concrete  shall  be  mixed  as  follows : 
One  bag  of  cement  shall  be  considered  to  be  one 
cubic  foot  and  the  cement  mortar  shall  be  mixed 
in  the  proportion  of  one  part  of  cement  by  meas- 
arement  with  two  parts  of  clean  sharp  sand  by 
measurement  If  mixed  by  hand  the  sand  and 
cement  shall  be  mixed  dry  until  an  absolutely 
uniform  color  is  obtained  and  then  water  shall  be 
added  to  make  a  paste  the  consistency  of  thick 
cream," 

"The  voids  in  the  stone  having  been  first 
ascertained,  enough  cement  mortar  shall  be  used 
to  completely  fill  the  voids.  If  the  voids  exceed 
one-third   the   mass   they   are   to   be   reduced   by 
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means  of  screened  gravel  or  small  slone  to  the 
required   amount.     Sand   shall   not   be    used   to 
reduce  the  voids  in  the  stone.     The  percentage 
of  cement  mortar  in  the  concrete  shall  not  exceed 
thirty-three    (33)    per    cent,    nor    be  less    than 
twenty-five  (M)  per  cent." 
The  foregoing  is  for  a  certain  piece  of  work.    It  can  be  varied. 
It  is  better  always  to  prescribe  the  cement  mortar  and  determine  the 
voids  in  the  stone. 

A  great  many  men  wajit  rules  for  estimating  quantities  of  ag- 
gregates when  the  voids  are  not  known,  but  must  be  assumed. 
There  are  several  rules  in  common  use,  but  it  must  be  remembered 
they  are  only  true  for  certain  proportions  of  voids  and  are  Bimply 
good  for  purposes  of  estimating. 

Assume  an  example  where  the  mixture  is  1  to  B  gravel  and 
cement.  Assume  that  bank  gravel  contains  20  per  cent  of  voids. 
There  are  27  cubic  feet  in  one  yard.  Add  to  this  20  per  cent 
and  the  total  equals  32.4  cubic  feet.  By  one  rule  one-ninth  of  this  is 
cement.  By  another  rule  one-eighth  is  cement.  Count  3.8  cubic  feet 
per  barrel  and  this  gives  practically  one  barrel  of  cement  per  yard 
of  concrete. 

Some  men  count  the  cement  as  one-ninth  of  the  mass  provided 
all  the  voids  are  filled.  Others  claim  that  the  20  per  cent  of  voids 
in  the  gravel  can  be  filled  with  fine  sand  and  this  sand  will  contain 
voids  that  cement  will  fill.  Therefore  they  count  the  cement 
as  being  simply  one-eighth  of  the  mass. 

Assume  a  mixture  of  l  cement,  3  sand  and  5  broken  stone. 
The  stone  contains  40  per  cent  of  voids.  The  sand  contains  35  per 
cent  of  voids.  As  the  voids  in  the  sand  are  less  than  the  voids  in 
the  slone  and  the  proportion  of  cement  is  fixed,  we  will  neglect 

Multiply  27  cubic  feet  by  the  percentage  of  voids  in  the  stone 
and  add  this  to  27.  Divide  by  the  sum  of  the  parts  of  sand  (3)  and 
stone  (5),  a  total  of  eight.  Multiply  by  3  and  divide  by  27  to  get 
the  cubic  yards  of  sand.  Multiply  by  s  and  divide  by  27  to  get 
the  cubic  yards  of  stone.  To  get  the  number  of  barrels  of  cement 
divide  the  cubic  feet  of  sand  by  3,  as  there  happens  to  be  three 
times  as  much  sand  as  cement.  This  result  divided  by  3.8,  the 
cubic  feet  of  cement  per  barrel,  gives  the  number  of  barrels  of 
cement. 
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The  above  rule  6xes  the  cement  as  a  proportion  of  the  sand, 
as  fixed  in  the  specifications.  Some  men  would  have  divided  the 
large  amount  first  obtained  by  the  sum  of  the  cement,  sand  and 
stone,  making  9  instead  of  6,  and  proportioned  the  aggr^^tes  in 
that  manner. 

A  general  rule  used  by  a  number  of  men  is  credited  to 
Mr.  Fuller.  It  is  simply  to  add  the  number  of  parts,  thus :  1  plus  3  plus 
5  equals  9,  and  divide  by  11,  to  get  the  number  of  barrels  of  cement. 
It  the  barrel  is  assumed  to  hold  3.8  cubic  feet,  multiply  by 
3.8  to  get  cubic  feet,  and  multiply  by  3  to  get  cubic  feet  of 
sand,  and  by  5  to  get  cubic  feet  of  stone.  If  the  cement  barrel 
contains  less  than  3,8  cubic  feet  of  cement  the  rule  is  worthless. 
It  is  assumed  also  for  a  certain  percentage  of  voids  in  sand  and 
stone.  The  rule  first  above  given  can  be  used  with  any  percentage 
of  voids  or  with  any  size  cement  barrel. 

Hand  mixing  is  being  supplanted  by  machine  mixing  and  there 
are  a  number  of  machines  in  the  market  The  writer  classifies 
them  as  follows: 

1st     A  stationary  receptacle  without  inside  deflectors. 

2nd.    A  stationary  receptacle  having  fixed  deflectors. 

3rd.     A  stationary  receptacle  with  movable  deflectors. 

4th,     A  movable  receptacle  with  stationary  deflectors. 

5th.     A  movable  receptacle  with  movable  deflectors. 

6th.     A  movable  receptacle  without  inside  deflectors. 

The  machine  mixing  of  concrete  is  required  in  all  good  work 
today,  so  a  man  doing  extensive  work  and  not  using  a  mixer  is 
behind  the  times. 

The  proper  kind  of  machines  does  the  work  cheaper  than  by 
hand  and  the  mix  is  more  thorough. 

CONCRETE  BLOCK   SPECIFICATIONS 

The  following  specifications  for  the  manufacture  of  hollow  con- 
crete building  blocks  are  proposed  as  a  standard  by  a  Committee 
on  Standard  Specifications  of  the  National  Association  of  Buildii^ 
Block  Machinery  Manufacturers. 

DEFtNtnOHS. 

SAND— Such  material  as  will  pass  through  a  screen  with 
Ji-inch  mesh  and  is  retained  on  screen  with  a  No.  *0  mesh.    This 


ovGoo^lc 


340  E.MGIXFJiKIXG    WORK. 

applies  to  river  sand,  bank  sand  or  screenings  from  a  stone  crusher. 

GRAVEL — Material  obtained  either  from  a  bank  or  a  river  of 
such  size  as  is  retained  on  a  screen  having  a  ^-inch  mesh. 

CRUSHED  STONE— Such  stone  from  a  crusher  as  is  retuned 
on  a.  ^-inch  screen. 

BANK  GRAVEL— Such  material  as  is  obtained  from  ft  pit  or 
river  containing  both  sand  and  gravel. 

AGGREGATE — Any  material  such  as  broken  stone,  gravel  or 
such  fragments  used  with  cement  and  sand  mortar  in  making  con- 
crete for  the  purpose  of  reducing  the  cost  and  adding  to  the 
strength. 

VOIDS — The  space  existing  between  particles  of  sand,  crushed 
stone  or  materials  of  which  an  aggregate  is  composed. 

CEMENT— Any  Portland  cement  which  will  pass  the  tests 
required  by  the  American  Society  for  Testing  Materials. 

QUALITY  OF  SAND. 

Sand  suitable  for  concrete  work  must  not  be  finer  than  the 
above  described;  must  be  sharp  and  gritty;  not  soft  or  loamy;  must 
be  free  from  loam  or  other  foreign  material,  and  must  not  contain 
any  perceptible  amount  of  clay,  or  other  soluble  matter.  Some 
authorities  concede  that  clay  to  the  extent  of  10  pei  cent  in  sand 
or  gravel  is  not  harmful.  This  oommittee  is  of  the  opinion  that  an; 
perceptible  amount  of  clay  is  unsafe.  Crushed  stone  must  be 
reasonably  free  from  dust  and  must  be  retained  on  the  same  size 
screen  as  the  bank  sand,  viz.,  J4-'nch.  Gravel  or  crushed  stone  must 
be  free  from  loam,  dust  or  other  foreign  material,  and  must  contain 
no  soft  or   rotten   stone. 

DETERMINATION   OF   AMOUNT  OF  CEMENT   TO  BE  USED  WITH    AGGREGATES. 


A  theoretically  correct  concrete  should  consist  of  sand  and 
gravel  or  crushed  stone  or  a  combination  of  them,  containing  any 
amount  of  cement  equal  to  the  voids  in  such  combination.  In  Other 
words,  interstices  should  be  filled  with  cement.  To  state  this  in 
another  way.  if  the  concrete  is  made  up  of  sand  and  gravel,  such 
proportion  of  cement  should  be  used  with  the  sand  as  is  equal  to  the 
voids  in  the  sand,  and  such  quantity  of  thij  resulting  mortar  of 
sand  and  cement  should  be  used  with  the  crushed  stone  or  gravel 
as  will  fill  all  the  voids  in  the  crushed  stone  or  gravel. 
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Restating  this  tn  a  few  words,  the  cement  should  till  the  voids  in 
the  sand  and  the  resuhing  mortar  should  fill  the  voids  in  the 
asgregate. 

ISTERMINATION   OF  VOIDS. 

To  detennine  the  voids  in  the  sand,  or  the  material  to  t>e 
used  as  an  aggregate,  what  is  known  as  the  "water  test"  is  employed. 
In  preparing  for  this  test  the  sand  or  gravel  must  be  perfectly 
dry.     Sand  has  a  greater  volume  when  wet. 

A  receptacle  holding  a  known  amount,  such  as  a  quart  jar.  is 
filled  with  the  material  to  be  tested,  sand,  for  example,  and  into 
this  receptacle  is  poured  as  much  water  as  the  sand  or  other 
material  will  absorb.  The  water  should  be  measured.  The  amount 
of  water  absorbed  indicates  the  voids,  and  also  indicates  the  exact 
amount  of  cement  which  it  is  necessary  to  use  in  order  to  produce 
a  solid  concrete. 

In  making  hollow  blocks  if  no  gravel  or  other  coarse  aggregate 
is  used,  the  result  of  this  test  should  give  the  proportions  of  sand 
and  cement  to  be  used  tn  block  manufacture.  Average  sand  will 
absorb  35  to  35  per  cent  of  water,  indicating  from  25  to  35  per  cent 
of  voids,  also  indicating  that  the  proportion  to  one  part  of  cement 
to  from  three  to  five  parts  of  sand  are  required  to  make  a  solid 
concrete. 

The  proper  selection  of  sand  and  aggregate  material  is  im- 
portant Care  should  be  taken  that  the  particles  vary  so  in  size  as 
to  reduce  the  voids  to  the  smallest  amount  possible.  With  this 
careful  selectioii  the  amount  of  cement  required  to  produce  good 
work  is  greatly  reduced. 

uixiHa 

After  the  materials  are  selected  they  should  be  mixed  together 
dry  until  thoroughly  incorporated,  or  in  other  words,  until  the  mass 
is  of  an  absolutely  uiiiform  color.  Water  should  then  be  applied 
and  the  thorough  mixing  repeated.  The  amount  of  water  should 
be  in  all  cases  as  great  as  possible  without  causing  the  materials 
to  stick  to  the  molds  when  the  stone  is  removed.  A  little  more  care 
in  the  treatment  of  the  face  plates  of  any  machine  will  enable 
the  manufacturer  to  use  a  wetter  concrete  than  is  usually  employed. 
Only  such  size  batches  should  be  mixed  at  one  time  as  can  be  used 
up  within  thirty  minutes  from  the  time  the  water  has  been  added. 
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The  concref;  should  be  placed  in  the  mold  in  small  quantities 
»nd  tamping  'tiould  begin  immediately  upon  the  placing  of  the 
first  ihov'lfv',  and  continue  unlit  the  mold  is  iull.  The  material 
should  he  (imped  with  a  tamper  having  a  small  face,  and  short, 
"juick,  ihr/p  blows  should  be  struck. 

In  ficed  blocks  the  face  should  be  composed  of  two  parts  sand 
and  one  part  of  cement,  the  same  being  mixed  in  the  manner 
described  above. 

Owing,  however,  to  the  excess  of  cement  used  in  facing,  and 
f-wing,  further,  to  the  fact  that  the  cement  is  what  makes  the 
concrete  sticky,  the  facing  can  not  be  used  as  wet  as  the  balance 
of  the  block  is  made.  Great  care  should  be  taken  to  tamp  the  con- 
crete thoroughly  into  the  facing  so  as  to  uniie  the  two  into  one 
solid  stone. 

In  the  wet  process  the  amount  of  water  used  is  such  as  will 
produce  a  plastic,  or  flowing,  condition  in  the  concrete,  but  not 
enough  to  wash  the  cement  from  the  other  material.  When  placing 
the  material  in  the  molds  the  entire  mold  is  tilled  with  one  pouring. 

No  stone  having  transverse  ties  or  webs  cracked  should  be 
used,  or  even  allowed  to  cure.  Should  a  slight  crack  occur  in 
moving  the  green  stone,  throw  the  material  back,  and  make  it 
over.    In  no  case  use  a  cracked  stone  in  a  building. 

CURING. 

All  stone  made  by  the  medium  wet  or  medium  dry  process 
should  be  made  tmder  cover,  and  kept  under  cover  for  at  least 
ten  days,  protected  from  the  dry  currents  of  air.  If  shed  room  is 
not  available  to  store  a  ten  days'  output,  the  blocks  should  be  car- 
ried out  after  the  initial  set  has  taken  place,  and  covered  with 
canvas,  hay  or  other  covering,  which  will  retain  moisture,  and  at 
the  same  time  keep  the  dry  air  from  circulating  around  the  block. 
Under  no  circumstances  should  blocks  he  made  under  the  direct  rays 
of  the  sun,  nor  should  blocks  made  by  this  process  be  exposed  to 
either  sunshine  or  dry  winds  while  curing. 

The  blocks  should  be  gently  sprinkled  as  soon  as  possible  after 
making,  that  is,  just  as  soon  as  the  cement  has  set  sufficiently  so 
that  it  will  not  wash.    Blocks  should  be  kept  wet  from  ten  days  to 
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two  weeks,  and  should  never  be  removed  from  the  yard  for  the 
purpose  of  using  in  a  building  until  they  are  from  thirty  to  sixty 
days  old.  This  is  very  important.  A  green  block  will  surely  crack 
in  the  building  on  account  of  shrinkage. 

In  laying  cement  stone  a  soft  mortar  composed  of  one-half 
cement  mortar  and  one-half  lime  mortar  should  be  used.  This  mortar 
should  be  mad^  with  fine  sand  free  from  stone  and  should  be 
buttered  on  the  ends  of  the  stone  before  laying.  The  stone  should 
be  laid  in  the  mortar  and  work  down.  Do  not  leave  end  joints 
open  until  after  the  building  is  completed,  because  when  the  end 
joints  are  filled  at  this  time  shrinkage  in  mortar  is  liable  to  loosen 
it,  causing  the  mortar  to  fall  out.  leaving  openings  through  the 
wall.  The  spreading  of  mortar  Is  very  important,  because  if 
mortar  is  unevenly  spread  so  that  it  is  thicker  under"  one  portion 
of  the  stone  than  under  the  other,  a  leverage  is  created,  which  under 
the  weight  of  the  wall  above  is  liable  to  produce  a  crack  in  the 

CCH.OKING. 

In  using  coloring  matter  with  concrete,  the  color  should  always 
be  mixed  with  the  cement  dry,  before  any  sand  or  water  are  added. 
This  iiiisiig  should  be  thorough,  so  that  the  mixture  is  uniform 
in  color.  After  this  mixing  the  combination  is  treated  in  the 
same  way  as  clear  cement. 

The  writer  wishes  to  add  to  the  above  that  the  mortar  recom- 
mended is,  in  his  opinion,  loo  rich  in  lime  and  the  excess  of  lime 
will  create  an  efflorescence  in  the  face  of  the  block.  Very  few 
concrete  block  buildings  look  good  in  the  joints. 

There  is  today  on  the  market  a  material  known  as  Bricklayers' 
Cement,  manufactured  in  Louisville,  Ky.,  that  is  excellent  for 
cement  block  joints.  It  is  made  by  grinding  15  per  cent  of  hydrated 
lime  with  calcined  cement  stone  to  a  powder  that  leaves  only  5  to  8 
per  cent  on  a  sieve  of  10,000  meshes  per  inch,  thus  securing  a 
perfect  mixture  in  proper  proportions,  much  belter  than  any  dry 
mixing  attempted  by  hand. 
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All  blocks  should  be  thoroughly  wet  on  the  sides  to  which  the 
mortar  is  applied.  Not  simply  wet  with  a  brush  passed  hastily  over, 
but  soaked  like  brick  are  soaked.-  Unless  this  is  done  the  blocks 
will  absorb  the  moisture  from  the  mortar  like  dry  bricks  and  there 
will  be  no  perfect  bond. 

The  writer  has  found  nothing  equal  to  retunpered  mortar  for 
cementing  concrete  building  blocks.  It  is  very  slow  setting  and 
the  adhesiveness  being  somewhat  destroyed  by  the  retempering  an 
addition  of  from  ten  to  fifteen  per  cent  of  hydrate  of  lime  restores 
it.  Relempered  mortar  works  nearly  as  well  under  the  trowel  as 
lime  and  cement  mortar  mixed  half  and  half.  Being  so  slow  setting, 
it  takes  readily  the  weight  of  the  stone  wall  and  variations  in  thick- 
ness make  little  difference.  It  is  not  so  much  a  difference  in  thick- 
ness as  it  is  a  difference  in  density  of  the  mortar.  A  thoroughly 
worked  retempered  mortar  is  creamy  and  when  spread  is  of  fairly 
uniform  density  and  if  care  is  taken  to  make  the  thickness  uniform 
the  slow  setting  while  the  wall  is  settling  prevents  the  leverage 
spoken  of  in  the  proposed  standard  specilications. 


The  specifications  for  mixing  coloring  matter  are  excellent, 
but  they  do  not  go  far  enough. 

Coloring  matter  containing  acids  will  attack  the  akaline  sub- 
stances in  cement  and  destroy  it.  Be  careful,  therefore,  in  select- 
ing the  coloring  pigment  and  do  not  be  too  free  in  coloring  con- 
crete work.  All  the  materials  used  weaken  cement  except  nhra- 
raarine.    This  seems  to  add  somewhat  to  the  strength. 

To  make  a  gray  surface  more  pleasing  to  the  eye  than  the 
natural  cement  color,  use  not  to  exceed  one  pound  of  lampblack  to 
a  bag  of  cement  or  four  pounds  per  barrel. 

The  writer  has  attended  cement  conventions  and  listened  to 
papers  on  coloring  cement  work  and  has  mingled  with  men  who 
have  related  to  him  many  different  kinds  of  experiences  with  color- 
ing matters.  His  only  personal  experience  has  been  with  lamp- 
black and  with  Pikron,  It  is  unwise  to  use  more  lampblack  than 
mentioned  above  and  he  does  not  think  it  well  to  use  more  than 
half  that  amount.  Pikron  was  used  by  him  on  the  Pacific  Coast 
fifteen  years  ago  to  get  a  better  gray  than  lampblack  yielded  safely. 
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It  was  mixed  with  the  water  and  matte  it  look  like  ink.  He  has 
seen  no  advertisements  of  this  material  in  several  years. 

What  follows  on  the  coloring  of  cement  is  not  from  the  writer's 
experience,  but  is  culled  from  many  sources. 

For  green  use  5  lbs.  of  ultramarine,  and  for  blue  use  S  to  T 
lbs.  of  ultramarine  per  hag  of  cement,  or  lour  times  those  amounts 
respectively  per  barrel. 

One  authority  says  2  lbs.  ol  Excelsior  Carbon  Black  per  bag 
or  8  lbs.  per  barrel  will  make  a  good  black.  Another  says  use 
from  10  to  11  lbs.  of  manganese  dioxide  per  bag  or  from  40  to  49 
lbs,  per  barrel. 

Use  6  lbs.  per  bag  or  2i  lbs.  per  barrel  of  Roasted  Iron  Oxide 
for  brown.  Yellow  Ochre  makes  yellow  when  6  lbs.  per  bag  or 
24  lbs.  per  barrel  are  used  and  it  makes  buff  when  the  quantities 
are  nearly  doubled. 

An  ordinary  red  can  be  made  with  from  6  to  10  lbs.  per  bag, 
or  from  34  to  40  !bs.  per  barrel  of  Red  Iron  Oxide.  A  bright  red 
can  be  obtained  with  8  lbs.  per  bag,  or  24  lbs.  per  barrel  of  Pom- 
peiian  Red.  " 

So-called  white  cement  is  often  merely  plaster  of  Paris.  At 
Sandusky  a  white  cement  is  made  that  is  claimed  to  be  a  true 
Portland.  The  cement,  however,  constitutes  such  a  small  portion 
of  the  concrete  that  care  must  be  taken  to  use  white  aggregates 
when  trying  to  approximate  to  a  pure  white. 

A  pure  white  can  not  be  obtained.  The  writer  has  seen  some 
marvelously  good  work,  however,  when  white  cement  was  used 
with  marble  chips  instead  of  stone  and  marble  dust  instead  of  sand. 
He  has  seen  good  results  obtained  with  light  colored  stone,  per- 
fectly clean  water,  marble  dust  and  screenings  instead  of  sand  and 
a  final  dusting  of  marble  dust  before  the  concrete  was  dry. 

RETGMPERED    MORTAR, 

It  is  common  to  see  a  clause  in  specilications  forbidding  the 
use  of  mortar  that  has  commenced  to  set.  Today,  however,  it  is 
well  known  that  retempered  mortar  has  a  value.  If  allowed  to  set 
for  about  half  an  hour  and  then  worked  very  vigorously  for  ten  or 
fifteen  minutes  the  time  of  ultimate  set   is  prolonged. 

There  is  no  decrease  in  strength  until  after  the  second  or  third 
re-working.    There  is  sometimes  a  slight  loss  in  adhesiveness.    This 
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is  restored  by  adding  10  or  15  per  cent  of  hydrate  of  lime  to  the 

It  is  a  difficult  matter  to  make  fresh  concrete  join  to  old  work. 
The  ordinary  way  is  to  clean  the  old  surface  and  thoroughly  wet 
it.  Then  put  the  new  concrete  against  it.  The  writer  prefers  io 
wash  the  cleaned  surface  with  a  one  per  cent  solution  of  sulphuric 
acid  and  then  put  on  a  layer  of  retempered  mortar,  after  washing 
oft  with  clean  water  the  acid  wash.  The  retempered  mortar  is 
slow  setting  and  interposes  bet  wen  the  old,  hard  set  concrete  and 
tbe  new,  quick  setting  concrete,  a  layer  of  material  that  will  join 
to  both.  It  forms,  as  it  were,  an  elastic  joint  during  the  time  the 
new  concrete  is  setting. 

In  repairing  the  surface  of  sidewalks  retempered  mortar  is 
good.  First  cut  the  broken  place  down  half  an  inch  or  more  with 
square  edges.  Then  clean  the  space  with  a  wire  brush  and  wash 
it  with  a  one  or  two  per  cent  solution  of  sulphuric  acid.  Mix  a 
batch  of  rich  mortar,  about  one  to  one,  cement  and  sand,  and  allow 
it  to  stand  thirty  minutes.  Then  with  a  hoe  and  shovel  work  it 
vigorously  and  thoroughly  until  it  is  like  a  smooth  working  dough. 
Wash  off  the  acid  with  clean  water  and  put  the  retempered  mortar 
in  the  space.  It  must  be  more  vigorously  trowelled  than  is  tisual 
for  such  work.  After  a  little  experience  a  mason  can  make  such 
repairs  in  a  way  that  will  defy  detection. 

PROPORTIONINC   AGGREGATES  TO   FILL   VOIDS, 

In  the  proposed  standard  specifications  for  building  blocks  it  is 
stated  that  voids  in  materials  can  he  determined  by  using  a  small 
amount  and  pouring  in  water.     In  the  opinion  of  the  writer  the 

His  method  is  as  follows:  Use  a  box  containing  about  five 
cubic  feet  and  fill  it  flush  with  the  stone,  or  largest  sized  a^regatel 
Pour  in  water  gently  in  order  that  no  air  will  be  trapped  and 
measure  the  water  as  it  goes  in.  The  amount  of  water  used  deter- 
mines the  amount  of  finer  material  necessary  to  exactly  fill  the 

Empty  the  box  on  a  platform  and  spread  the  material  in  a  thin 
layer,  allowing  the  water  to  run  off.  Then  cover  it  with  the  next 
smaller  size  of  aggregates  as  determined  by  the  amount  of  water 
used  to  fill  the  voids  and  turn  the  whole  mass  over  with  shovels 
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until  well  mixed.  Then  shovel  it  into  the  box,  tamp'ng  it  so  the 
Whole  amount  will  go  in.  Should  it  more  than  iill  thn  box  screen 
the  remainder  to  separate  the  sizes  and  remove  from  the  box  enough 
of  the  smaller  size  material  to  permit  the  surplus  of  the  screened 
large  material  to  go  in.  In  this  way  all  the  coarser  material  will  be 
in  the  box  and  enough  of  the  smaller  material  to  pack  the  voids. 

Fill  the  box  again  with  water.  This  amount  of  water  repre- 
sents the  amount  of  the  next  smaller  sized  material  necessary. 
Take  for  example  that  stone,  gravel  and  sand  are  being  used.  The 
first  aggregate  tested  for  void  was  the  stone.  The  second  test  was 
the  stone  and  gravel.    The  third  test  is  for  stone,  gravel  and  sand. 

The  material  necessary  to  fill  the  voids,  after  screening  surplus, 
must  be  placed  on  a  memorandum.  The  amount  was  found  by 
using  water,  but  when  placing  in  the  box  it  will  be  found  that  on 
account  of  the  sizes  of  the  smaller  sized  aggregate  some  will  not 
pack  in  like  Band  or  cement. 

Having  filled  the  box  again  with  water  empty  on  the  platform 
and  spread  the  aggregates.  Cover  them  with  the  amount  of  sand 
indicated  hy  the  water  test  and  turn  over  thoroughly  until  mixed. 
Then  place  in  the  box  in  small  amounts  and  tamp  into  place. 

Having  filled  the  box,  after  screening  surplus  as  above  directed, 
and  ascertained  the  amount  of  stone,  sand  and  gravel,  pour  in  a 
measured  quantity  of  water  a^ain  until  the  box  is  filled.  This 
last  amount  of  water  represents  the  amount  of  cement  paste  neces- 
sary to  finally  fill  aU  the  voids. 

By  proceeding  in  the  above  manner  with  graded  sizes  of  ma- 
terials the  voids  can  be  reduced  as  low  as  7  per  cent.  This  means 
a  saving  in  cement.  A  lean  awcrete  thus  made  will  be  remarkably 
strong  in  compression. 

In  drawing  up  specifications  the  amoimts  of  each  size  of  aggre- 
gates used  can  then  be  specified  and  the  mixing  will  do  the  rest 
STANDARD  SPECIFICATIONS 
FOR 
CEMENT    HOLLOW    BUILDING    BLOCKS 

ADOPTED  JANUARY,  190S.  BY  THE 

NATIONAL  ASSOCIATION  OF  CEMENT  USERS. 

PHILADELPHIA,  PA. 

REGULATIONS  GOVERNING  USE  AND  MANUFACTURE. 

Hollow  cenwot  blocka  made  in  accordaace  with  the  following  speciScations, 

and  meeting  the  requirements  thereof,   may  be  used  in  building  construction. 
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t  other  nutflTvli  of 

CeUBNT.— The  cement  uwd  In  making  blocla  ahall  b«  PortUnd  cemeot, 
Apable  of  poHoff  tlie  requirement*  ai  Ht  forth  in  the  "  Standard  Specificationa 
>r  Cement,"  of  the  American  Society  for  Testing  URterints.  and  adopted  by  this 
n  No.  1)  January,  19IM. 


STONE  AGGREGATE,— Thi»  malerUl  shall  b=  clean  brnlien  stone,  free  from 
dust,  or  clean  screened  gravel  passing  the  three-quarter  (Ji)    inch  and  refused 

UNIT  OF  MEASUREMENT.— The  barrel  of  Portland  cement  shall  weigh 
380  pounds  net.  either  in  bunis  or  sub-divisiana  thereof,  made  up  of  cloth  or 
paper  bugs,  and  a  cubic  foot  of  cement  shall  be  called  not  to  exceed  100  pounds 
or  the  equivalent  of  S.S  cubic  feet  per  barrel.    Cement  shall  be  gaoged  or  measured 

weighed  and  so  proportioned;    but  under  no  circumstances  shall  it  be  measured 
loose  in  bulk. 

PROPORTIONS.— For  exposed  exterior  or  bearing  walls, 
(a)  Hollow  cement  blocks,  machine  made,  using  semi-wet  concrete  or  mortar, 
shall  contain  one  (1)  part,  cement,  not  to  exceed  three  (31  parts  sand,  and  nol 
to  eitceed  four  (4)  parts  Btone  of  the  characler  and  aiia  before  stipulated.  When 
the  Btone  shall  be  omitted  the  profiortiona  of  sand  shall  not  be  increased,  unless 
it  can  be  demonstrated  that  the  percentage  of  voids  and  tests  of  absorption  and 
strength  allow  in  each  case  o£  greater  proportions  with  equally  good  results. 

(6)  When  said  blocks  are  made  of  slush  concrete,  in  individual  molds  and 
allowed  to  harden  undisturbed  in  same  before  removal,  the  proportions  may  be 
one  (1)  part  cement  to  not  exceed  three  (3)  parts  sand  and  five  (S)  parta  stone; 
but  in  this  case,  also,  if  the  stone  be  omitted  the  pioportion  of  sand  shall  be  not 

MIXING.— Thorough  and  vigorous  mixing  is  of  the  utmost  importance. 

(,11)  Hand  mixing.  The  cement  and  sand  in  correct  proportii.,ns  shall  first 
be  perfectly  mixed  dry,  the  water  shall  then  be  added  carefully  and  slowly  in 
proper  proportions  and  thoroughly  worked  into  and  throughout  the  resultant 
mortar;  the  moistened  gravel  or  broken  stone  shall  then  be  added  either  by 
spreading  the  same  uniformly  over  the  mortar,  or  spreading  the  mortar  uniformly 


\Oi  fliBcnuie  muunv.  riBierence  anaji  oe  £iven  vi  macnine  nuxer?  ot  smiaoie 
design  and  adapted  to  the  particular  work  required  of  them;  the  sand  and  cement, 
or  sand  and  cement  and  moistened  stone  shall,  however,  b«  fint  thoroughly 
mixed  txfon  the  addition  of  water,  and  then  continued  until  the  water  is  unibrmly 
distributed  or  Incorporated    with    thf    mortar  or  concrete;    provided^   however. 
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tfant  wtiea  maJcine  iluBh  or  wet  concrete  { 
Gttdure  may  be  varied  with  the  coiuent  ol 
architect  or  enKine>.-r  in  chaise 

UOLDING.^Due  cure  shall  be  lued  to  secure  ileiwity  and  uniformity  in 
the  blocln  by  taraping  or  other  luitable  meana  of  compreauon.  Tamped  blocks 
iha!]  not  be  finished  by  simply  striking  ofE  with  a  atmight  edge,  but,  after  striking 

a  aharp  and  true  arris. 

CURING.— Every  precaution  ataall  be  taken  to  prevent  the  drying  out  of  the 
bkicks  during  their  initial  set  and  fint  hardening,  A  sulBciency  of  water  shall 
fim  be  used  in  the  mixing  to  protect  the  crystalliiatioa  of  the  cement,  and,  after 
molding,  the  blockt  shall  lie  carefully  protected  from  wind  cumnta.  sunlight, 
dry  heat  or  freeting  for  at  least  five  (S)  days,  during  which  time  additional 
moisture  shall  be  supplied  by   approved   methods,  and  occasiotially   thereafter 

AGEING— Hollow  cement  blocks  in  which  the  ratio  of  cement  to  sand  be 
one-third  (i)  (one  part  cement  to  three  parts  aand)  ahall  not  be  used  m  the  con- 
struction of  any  building  until  they  have  attained  the  age  of  pnt  lesa  than  three 
(3)  weeks. 

Holkw  cement  blocks  in  which  the  ntio  of  cement  to  sand  be  oDe-balf  (H) 
(one  part  cement  to  two  parts  sand)  may  be  used  in  conitruction  at  the  age  of 
two  (1)  weeks,  with  the  special  consent  of  the  bureau  of  building  inspection  and 
the  architect  or  engineer  in  charge. 


MARKING.— AU  cement  blocks  shall  be  marki 

and  composition  or  proportions  used:  as.  for  exampli 
three  sand  and  five  stone. 

THICKNESS  OP  WALLS.— The  thickness  of 
ing  where  hollow  cement  blocks  are  used  may  be  1 
required  by  law  for  brick  walls.    Pot  curtain  walls  t 


WALLS— LAYING  OF.— Where  the  face  only  ii  of  hollow  cement  blodc. 
and  the  backing  is  of  brick,  the  facing  nf  holbw  block  must  be  strongly  bonded 
to  the  brick,  dlher  with  headers  projecting  four  H)  inches  into  the  brick  work. 
every  fourth  course  being  a  header  course,  or  with  approved  lies,  no  brick  back- 
ing to  be  leia  than  eight  (S)  inches.  Where  the  walls  are  mode  entirely 
(rf  cOBcrata  blocks,  but  where  said  blocks  have  not  the  same  width  as  the  wall. 
«T«iy  fifth  coorte  shall  extend  Ihrougli  (be  wall,  forming  a  secure  bond,  when 
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3t  othcrwJ£?  sumciently  bonded.    AIL  w&lls,  where  blocks  arc  used,  shall  be  Wd 
p  with  Portland  cement  mortar 

CrRDBRS  OR  JOISTS— Wherever  Kiiders  or  joists  thC  upon  mils  ao  that 
lere  ii  a  concentrated  load  on  the  block  of  over  two  (2)  toDS.  the  blocks  support- 
ig  the  gilder  or  joists  must  b«  made  solid  for  it  least  eight  (S)  inches  from  the 
iiide  face.  Where  such  concentrated  load  shall  exceed  five  (S)  tons,  the  blocks 
>T  at  least  three  courses  below,  and  for  a  distance  extending  at  least  eighteen 
IS)  bclus  each  side  of  said-girder,  shall  be  made  soUd  for  at  least  e^ht  (8)  inches 
om  tbe  inside  face.  Wherever  walls  are  decreased  in  thickness,  the  top  courae 
[  the  thicker  wall  shall  afford  a  full  solid  bearing  tor  the  webs  or  walls  o'.  the 
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APPLICATION  FOR  USE.— Before  any  such  material  be  used  in  buildings, 
n  applloation  for  its  use  and  for  a  test  of  the  same  must  be  filed  with  tbe  bureau 
f  building  inspection.     In  the  absence  of  such  a  bureau,  the  application  shall  be 


and  the  : 

thereafter  promptly  report  d 

PRELIMINARY    TEST      N      h       w  cemen     bocks  shall  be  used   m  tbe 
construction  of  any  build    g        ess  mak  sa        locks  has  submitted  his 

pioduct  to  the  full  tests  ed  h  ad      ace  file  with  tbe  bureau  of 


{  labotstory,  showing    ha 
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Ko  cement  bloclu  shall  be  used  in  the  constructiDn  of  any  buildiog  until  tbey 
b&ve  been  inspected  and  approved,  or.  if  required,  until  representative  samples 
be  tested  and  found  satisfactory.  The  results  of  all  testa  made,  whether  satis- 
factory or  not,  Shan  be  placed  on  file  in  the  bureau  of  building  inspection.  These 
records  shall  be  open  to  inspection  upon  application,  but  need  not  necessarily  be 
published. 

ADDITIONAL  TESTS.— The  imnulaeturer  and  user  of  such  Solbw  cement 
blocks,  or  cither  of  them,  shall,  at  any  and  sU  times,  have  made  such  teats  of 
the  cements  used  in  making  such  blocks,  or  such  further  tests  of  the  completed 
blocks,  or  of  each  of  these,  st  their  own  expense  and  under  the  supervision  of  the 
bureau  of  building  inspection,  as  the  chief  of  asid  bureau  shall  require- 
In  case  the  results  of  te^  made  under  this  condition  should  show  that  the 

to  the  manufacturer  of  said  bkjcks  will  at  once  be  suspended  or  revoked. 

CERTIFICATE  OF  APPROVAL.—Follo*  ing  the  application  called  for  in 
Clause  No.  18,  and  upon  the  satisfactory  conclusion  of  teaW  calLed  for.  a  certifi- 
cate of  appioval  shall  be  issued  to  the  maker  of  the  blocks  by  the  bureau  of 
building  inspection.  This  certificate  of  approval  will  not  remain  in  force  for  more 
than  four  months,  unless  there  be  filed  with  the  bureau  of  building    inspection, 

tesline  laboratory  showing  that  the  average  of  at  least  three  (3)  specimens  tested 
for  compression  and  at  least  three  |3)  specimens  tested  for  transverse  strength 
comply  with  the  requirements  herein  set  forth,  the  said  samples  to  be  selected 
by  a  building  inspector  or  by  the  laboratory  from  blocks  actually  going  into  con« 


fire  testa  will  not  be  imposed  upon  the  manufacturer    of  said  blocks. 

as  desired  by  the  applicant,  but  in  no  case  later  than  sixty  days  after  manufacture. 
TramviTse  Test.    The  modulus  of  rupture  for  concrete  blocks  at  twenty-eight 
days  must  average  150.  and  must  not  fall  below  100  in  any  case. 

Compressiim  Test.  The  ultimate  compressive  strength  at  twenty-eight  days 
must  average  one  thousand  (l.OOO)  pounds  per  square  inch,  and  must  not  fall 
bekiw  TOD  in  any  case. 

AbsPTptioH  Test.  The  percentage  of  absorption  (being  the  weight  of  water 
absorbed  divided  by  the  weight  of  the  dry  sample)  must  not  averai^e  higher  than 
15  per  cent,  and  must  not  exceed  2S  pet  cent  in  any  cose. 


ocks,  sampleg  of  which,  on  being 
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to  not  exceeding  four  parts  clean,  sharp 
g  the  H-lnch  and  refused  by  the  >j-inch 


STANDARD    METHOD   OF   TESTING. 

METHOD  OF  TESTING.— 1.  All  tcsH  required  for  appreval  shall  be  made 
in  some  labotatorj'  of  recogniied  standing,  under  the  supervision  of  the  eoBioeer 
of  the  bureau  ot  building  inspection  or  the  architect  or  engineer  in  charge,  or  all 
of  these.  The  manufacturer  may  be  present  or  represented  during  said  tests, 
if  he  so  desires.    Approval  tests  are  made  at  the  expense  of  the  applicant. 

3,  For  the  purposes  of  the  testa,  at  least  t«-elve  (12)  samples  or  test  pieces 
must  be  provided.  Such  samples  must  represent  the  ordinary  commercial  product 
and  may  be  selected  from  stodc  by  the  bureau  of  building  inspection,  or  in  the 
absence  of  such  a  bureau,  by  the  architect  ot  engineer  in  charge. 

as  may  be  directed, 

3.  In  addition  to  the  tests  required  for  approval,  the  weight  per  cubic  foot 
of  the  material  must  also  be  obtained  and  recorded. 

4.  Tests  shall  be  made  in  series  of  at  least  three  (3),  encept  that  in  the  (ire 
tests  a  series  of  two  (four  samples)  are  sufUcient, 

Transveise  testa  shall  be  made  un  fuli-siied  samples.  Half  samples  may  be 
used  for  'he  crushing,  freezing  and  lire  tests.  The  remaining  samples  are  kept 
in  reserve,  in  case  duplicate  or  confirmatory  testa  be  required.  All  samples  must 
be  marked  for  identilicaiion  and  comparison, 

5.  The  transverse  test  shall  be  made  as  follows:  The  samples  shall  be  placed 
flatwise  on  two  rounded  knife  edije  bearinKS  set  parallel  7  inches  apart.     A  load 

a  similar  rounded  knife  edge,  until  the  sample  is  ruptured.  The  modulus  of 
rupture  shall  then  he  determined  by  multiplying  the  total  breaking  load  in  pounds 
by  21  (three  limes  the  distance  between  supports  in  inches)  and  then  dividing  the 
result  thus  obtained  by  twice  the  product  of  the  width  in  inches  by  the  square 
of  the  depth  in  inches,  R  =  ^^^J,  No  allowance  should  be  made  in  figuring 
the  modulus  of  rupture  for  the  hollow  spaces. 

S.  Ths  compression  teat  shall  be  made  as  follows:  Samples  mutt  be  cut  fn>m 
btocks,  so  as  to  contain  a  full  web  section.  The  sample  must  be  carefully  meas- 
ured, then  bedded  flatwise  in  plaster  of  paris,  to  secure  a  uniform  bearing  in  the 
testing  machine,  and  crushed.     The  total  breaking  load  is  then  divided  by  the 


]S  the  product  of  the  width  by  the  length. 
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7     The  absorption  test  shall  be  made  as  follows:   The  sample  i 

fully  recorded.  It  is  then  placed  in  a  pan  or  tray  of  water,  face  downward, 
meraing  it  to  a  depth  of  not  less  than  two  inches.  It  is  again  carefully  wcig! 
at  the  following  periods;    Thirty  minutes,  four  hours,  and    forty-eight    hoi 

as  BOOQ  as  the  weight  is  taken.  Its  compressive  strength  while  still  wet  la  t 
determined  at  the  end  of  the  forty-eight  hour?  period  in  the  manner  specilec 

8.  The  freezing  test  shaU  be  made  as  follows     The  sample  is  immereed 

perature  of  less  than  1S°  P.  for  at  least  twelve  hours      It  is  then  removed  . 

which  is  at  least  1SD°  F.  This  operation  is  repeated  ten  (10)  times  after  wt 
the  sample  is  again  weighed  whiltf  still  wet  from  the  last  thawing  Its  cnisf 
strength  should  then  be  determined,  as  called  fir  in  Section  « 

9.  The  fire  test  is  made  as  follows:  Two  samples  are  placed  in  a  cold  furnac 
which  the  temperature  is  gradually  raised  to  1700°  F.  The  test  piece  must 
subjected  to  this  temperature  for  at  least  thirty  minutes.  One  of  the  aami 
is  then  plunged  into  cold  water  (about  fiO°  to  «0°  F.)  and  the  results  not«l.  ' 
Kcoml  sample  is  permitted  to  cool  gradually  in  air.  and  the  re;ultt  noted. 

10.  The  follomng  requirements  must  be  met  to  secure  an  acceptance  of 
materials:  The  modulus  of  rupture  for  concrete  blocks  at  twenty-eight  d 
must  average  ISO.  and  must  not  fall  below  lOO  in  any  case.  The  ultimate  c 
presiivB  strength  at  twenty-eight  days  must  average  1.000  pounds  per  »qi 
inch,  and  must  not  fall  below  700  in  any  case.  The  percentage  of  absorp 
(being  (he  weight  of  water  absorbed  divided  by  the  weight  of  the  dry  sam 
must  not  average  higher  than  15  per  cent,  and  must  not  exceed  12  per  cen 
any  ewe.  The  reduction  of  compressive  strength  must  not  be  more  than 
per  cent,  except  that  when  the  lower  figure  is  still  above  1,000  pounds  per  sqi 
inch,  the  loei  in  strength  may  be  neglected.  The  freezing  and  thawing  pro 
must  not  cauae  a  loss  in  weight  greater  than  10  per  cent,  nor  a  loss  in  atren 
of  more  than  33)  per  cent,  cxi-ept  that  when  the  lower  figure  is  still  above  1. 
[■ounds  per  square  inch,  the  loss  in  strength  may    be  neglected.     The  fire 


CONCRETE  SPECIFICATIONS. 

CEMENT— The  cement  may  be  any  brand  of  American  or  foreign  Port 

(NOTI— If  the  work  is  such  (hat  natural  cement  or  Puimlan,  etc..  cemenl 
may  be  used,  they  can  be  substituted  in  the  above  for  Portland,  or  may  be  placed 
in  addition  to  Portland,  thus  competing  with  it.) 

CONDITION  OF  DELIVERY— It  must  be  delivered  in  original  packages, 
lltwled  with  the  brand  and  the  name  of  the   manufacturer.      These  packagu 
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may  be  tUbtt  tKlrreli  or  bags,  but  must  be  weII  protertrd  in  either  ca»  from 
air  and  moiglure.  Any  brokfn  packages  ma;  be  rcjecled  or  used  at  the  option 
of  the  Engineer  in  charge  at  the  work. 

TIME  OF  DELIVERY— The  coDtractor  •baU  farniab  the  cement  upon 
-the  worlc  at  leaat  Icn  days  before  it  is  needed  to  be  used,  in  order  tbat  time 
mkf  be  given  to  make  the  necessary  tens. 

HOUSING— II  shall  be  stored  in  dr?.  well  renlilated  buildings  (or  work 
ol  inj  iDBgnilude.  and  for  work  of  less  importance  it  shall  be  safely  stored 

TESTS  OF  CEMENT— The  cement  shall  be  tested  in  accordance  with 
the  specifications  prepared  by  the  American  Soeiety  for  Testing  Uateriala,  and 
the  meibads  proposed  by  the  American  Society  of  Civil  Engineer!. 

SANI>— All  sand  used  for  mortar  >haU  pats  a  No.  10  sieve,  and  80  per 
cent  of  it  ihall  be  reUined  upon  a  No.  74  sieve.  Il  shall  be  a  silicious  sind. 
a*  sharp  ag  can  be  obtained  within  reauinable  limits  of  cost.  Il  shall  be  free 
from  all  vegetable  and  organic  matter  and  shall  tiol  contain  more  than  10  per 
cent,  by  weight,  of  clayey  or  loamy  material. 

(Note— Aq  addition  of  clay  and  (so-called)  loam  to  sand  has  been  found 

is  that  it  is  because  of  the  voids  being  more  perfectly  filled  than  if  the  sand 
was  clean  and  sharp.  The  specifications  for  the  materials  for  concrete  blocks 
prohibit  clay  or  loam.  Tbe  reason  is  tbat  the  eyenness  of  color,  so  desirable 
In  building  blocks,  is  liable  to  be  impaired  if  the  aggregates  are  not  perfectly 

STONE— The  aggregate  shall  tonslst  of  crushed  trap  rock,  granite,  hard 
limeatone,  or  other  material  equally  hard  and  durable  which  shall  meet  tbe 
approval  nf  the  Engineer.  The  broken  stone  shall  be  free  from  vegetable 
or  organic  matter  in  any  shape  and  free  from  mud  and  dust  or  from  lumps 
of  clay  or  clay  covered  fragmenls.     When  sand  is  to  be  used  in  the  concrete 

the  ilooe  shall  be  screened  to  pass  through  a    inch  ring  and  retained 

on   a  screen   of    inch   apertures.      The   slone  shall   be   thoroughly   wel 

GRAVEL— <3tavel  shall  be  composed  of  dean  pebbles  of  hard  and  durable 
impurities  except   sand.     When   containing  sand   in  any   considerable   quantity 


WATER— Water  shall  b 
acid  or  strong  alkalies. 

MIXING  BY  HAND-  ( 

of  at  least  two  banhcs  of  coi 
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ane  cubic  yard  «ch,  and  amallcr  balcbci  *rc  preferable,  band  upon  a  mulliple 

(t)  Spread  the  wnd  evcnlj'  upoa  (be  pUlform,  IheD  the  cement  upon 
ihe  aand,  and  mix  tbonnigtalT  until  of  an  tiren  color.  Add  all  the  wU«r 
necessary  to  make  a  ihin  gnonai  and  ipread  again ;  add  Ibe  gravel  (if  used)  and 
finally  the  broken  stone,  both  of  which,  if  dry,  ihoold  be  first  tborougliljr 
wet  down.  Turn  the  mass  o«er  witb  sbovels  or  hoes,  or  both,  until  thor- 
oughly incorporated  and  all  the  gravel   and  stone  is  covered  with   mortar;   a 

(J)  /jiolber  approved  metbod.  which  may  be  permitted  *t  the  option 
of  tbe  Engineer  in  charge,  is  to  spread  the  stone  or  gravel,  or  both  if  used, 
on  the  board  as  many  Inches  in  thickncu  as  there  ire  parts  In  the  mixtare. 

over  the  whole.  Turn  the  whole  mass  twice  dry;  turn  il  twice  while  apply- 
ing water  with  a  rOK  notile  sprinkler,  and  give  it  a  fiftb  turning  when 
loading  into  the  wheelbarrows  or  carts,  or  into  tbe  work. 

MACHINE  HTXING—MiMrs  tfsed  Instead  of  hand  work  shall  be  batch 
mixers  of  tbe  revolving  drum  type  ao  arranged  that  tbe  materials  ahsll  be 
placed  in  measured  batches  in  the  mixing  receptacle  and  shall  be  dischirged 
in  thoroDgbly  mixed  batches.  The  minimum  number  of  revolutions  ol  the 
mixing  drum   shall   be  twelve   for    each  batch. 

CONSISTENCY— The  concrete  ahall  vary  in  conslatency  according  to  Ihe 
requirement!  of  the  work.  If  mixed  fairly  dry  it  ihall  be  lamped  after 
depositing  until  the  moiature  Hushes  to  the  surface  and  tbe  concrete  quakes. 
The  preferable  consiatenay  ihall  be  when  the  concrete  Is  so  noisi  that  it 
quakes  like  jelly  and  require!  very  little  tamping.  . 

LAYING— (1)  Each  courae  !hould  be  left  somewhat  rouBb  to  insure 
boodiof  with  the  next  course  above;  and  if  it  be  already  set  ihall  be  thor- 
oughly cleaned  and  doused  with  all  tbe  water  it  will  abiorb  readily  before  the 
aexl  course  is  placed  upon  it.  At  the  option  of  the  Engineer  the  contractor 
may  be  required  to  treat  the  face  of  old  work  with  an  acid  wash  and  put  on 
an  inch  of  retempered  mortar  before  laying  fresh  concrete  on  il.  The  plane 
of  courses  shall  be  as  nearly  as  poaible  at  right  angles  to  the  line  of  pressnre. 

(I)  An  uncompleted  course  iball  be  left  with  a  vertical  joint  where  tbe 
work  Is  Mopped,  and  tbe  concrete  shall  not  be  allowed  to  assume  a  alape. 

<S)  Tbe  work  should  be  carried  up  in  sections  of  convenient  tei^th  and 
Ivpt  as  nearly  as  possible  on  the  same  plane  all  over  the  work,  and  com. 
pleled   without  intermission. 

EXPANSION  JOINTS— In  exposed  work  expansion  joints  shall  be  pro- 
vided  at  intervala  of  thirty  to  6fiy  feel.  A  temporary  vertiol  foiia  or  par* 
tition  of  plank  shall  be  set  up  and  tbe  section  behind  completed  as  Ihongli 
H  were  tbe  end  of  the  structure.  Tbe  partition  will  be  removed  when  Ihe 
-  next  section  is  begun  and  the  new  concrete  placed  sgalnn  the  old  without  any 
mortar  flushing,     l^ks  shall  be  provided  if  directed  or  called  for  by  the  plans.    \ 

(1)  In  reinforced  concrete  slnictores  the  length  of  the  sections  may  be 
BSlerlslly  increased,  or  expansion  joinis  may  be  entirely  omitted,  at  the  option 
of  the  Engineer. 

DEPOSITING— Concrete  shall  be  deposited  within  live  minutes  after  il 
is  mixed  and   shall  be  kept  continuously  mixed  unlil   deposited.      No  concrete 
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htriDg  ituiacil  in  ioitUl  wl  dull  be  Died,  but  retempcred  coatnte  nu]t  b* 
oMd  under  the  directian  and  pcrniuil  n^KTriuoii  ud  inotruction  sf  the 
EngineCT  In  charge.  "----. 

FACING— Facinjt  miy  be  x^rampliihed  in  one  of  two  win;  (D  Tb«  . 
material  next  the  face  may  be  ipaded  back  with  >  flat  ihovel  or  flat  fork,  to 
permit  the  monar  to  flow  to  tbe  tace;  (S)  ibout  one  inch  of  mortar  aa  tned 
in  the  concrete,  but  without  the  atone,  aball  be  placed  next  the  forma  inuae- 
diately  in  advance  of  the  concrete.  Either  method  may  be  used  al  the  option 
of  the  Engineer,  the  contractor  being  permitted  to  use  the  leait  coiily  method 
that  gives  a  salisfactorr   result. 

FREEZING  WEATHER-In  freeiing  weather  work  may  be  proceeded 
with  at  the  option  of  the  Engineer  in  charge,  provided  that  tbe  water  b« 
wanned,  but  not  boiled,  the  aand  and  other  aggregates  be  heated,  but  not  bot 
enough  to  bliater  the  akin  of  the  hand.  On  work  whtre  an  efflorescence  wilt 
not  he  ohjeclionahle,  aali  may  be  added  to  Ibe  warmed  water  in  the  following 
proportional  The  difference  in  temperature  between  freeiing  point  and  tbe 
temperature  likely  lo  be  enconotered  before  the  concrete  seta  shall  be  the 
amount  of  salt,  expressed  in  percentage  of  the  amount  of  water  by  weight,  to 
be  used.  The  sa^t  ahall  be  tboroughir  dissolved  in  the  water  before  miidng 
the  concrete.  Exposed  concrete  shall  be  covered  witb  straw,  hay,  sawdust 
or  doih  at  night  when  the  temperature  Is  expected  to  drop  below  freezing 
point. 

FORMS— (I)     Forms  shell  be  substantial  and  unyielding,  properly  graced 

(9)     Tbe  material 


(3)     Planking   once    used    in    forms    shall    be   cleaned   before   being    used 

again. 

(1)  Face  forms  shall  be  coaled  witb  soft  soap,  or  with  crude  oil.  at 
the  option  of  the  Engineer  in  charge,  to  prevent  concrete  from  adhering. 

(6)  In  dry  but  tiot  freeiing  weather  the  forma  shall  he  drenched  with 
water  before  the  concrete  is  placed  against   ihem. 

(8)  On  face  work  forms  shall  be  made  carefully  to  prevent  leakage  of 
water  through  them,  and  care  shall  be  taken  to  prevent  tbe  formation  of  ridgei 
or   depressions  ahowing  the  marks  of  the   forms. 

(T)  The  forms  must  remain  in  place  at  least  torty-eigbl  boars  after  aU 
the  concrete  in  that  aection  has  been  placed,  except  that  when  a  fairly  dry 
mixture,  well   tamped,  has  been  used,  the  forms  may  be  removed  earlier.     In 

ooghly   set. 

FINISHING— After  forms  are  removed  smaU  cavities  are  to  be  pointed 
up  and  projections  smoothed  off.  The  entire  face  shall  then  be  washed 
with  mortar  made  of  one  part  of  cement  lo  two  parts  of  sand,  mixed  to  the 
of  cream  and  applied  with  a  whitewash  brush. 
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REINFORCED  CONCRETE. 
In  preparii^  specificatioiis  for  reinforced  concrete  the  foregoing 
specifications  for  concrete  work  wili  do  with  the  following  pointi 

specially  insisted  upon; 

1.    No  hand  mixing  allowed. 

3.    Specify  kind  and  quality  of  steel. 

3.  Steel  is  to  occupy  exact  positions  called  for  in  the  detail 
drawings  and  must  be  wired  together  securely  at  all  intersections. 

4.  The  steel  must  be  allowed  to  gel  rusty  to  an  extent  that  will 
permit  the  loosening  of  mill  scale,  but  all  rust  that  is  in  scales  must 
be  cleaned  off  before  the  steel  goes  into  the  work. 

5.  When  resuming  work  after  a  stop  of  more  than  half  an  hour 
all  dead  and  half  set  concrete  adhering  to  the  steel  and  forms  muit 
be  cleaned  off,  before  beginning  to  pour  the  fresh  concrete. 

DE81QIf. 

Concrete  being  practically  ten  limes  as  strong  in  compression  as 
in  tension  a  beam  of  plain  concrete  can  only  be  used  as  stone  would 
be  used  and  cannot  be  depended  upon  to  replace  wood  or  metal 
because  of  its  bulk. 

Designing  a  beam  by  putting  in  the  compression  side  a  material 
strong  in  compression  and  in  the  tension  side  a  material  strong  in 
tension  meets  the  requirements  whereby  concrete  can  be  used  to 
advantage  and  reinforced  concrete  then  is  concrete  reinforced  in 
such  a  manner  with  steel  that  each  material  takes  the  s 
best  adapted  to  resist. 


Referring  to  the  figures  (a)  and  (b)  the  following  nomen- 
clature and  symbols  will  be  used  to  explain  the  design  of  rein- 
forced concrete  beams,  etc, 
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As  there  is  a  plane  in  a  beam  where  the  fibers  neither  stretcti 

or  compress,  termed  the  neutral  axis,  and  as  the  tensile  and  com- 
pressive forces  equate  to  lero  at  the  neutral  axis,  it  is  important 
that  its  position  be  fixed  in  order  to  determine  the  exact  fiber  stress 
in  the  two  materials. 

After  steel  has  passed  the  elastic  limit  it  stretches  rapidly  and 
thus  throws  added  stress  on  the  concrete,  so  in  reinforced  concrete 
deiign  we  neglect  the  ultimate  strei^h  of  the  steel  and  base  our 
design  on  the  elastic  limit.  The  fiber  stress  should  never  exceed 
one-lhird  the  elastic  limit,  which  is  usually  six-tenths  the  ultimate 
strength. 

Concrete  has  practically  no  elastic  limit  so  we  must  consider 
the  ultimate  strength.  The  liber  stress  should  never  exceed  one- 
fourth  the  ultimate  strength  but  building  ordinances  generally  fix 
the  fiber  stress  at  from  500  to  600  lbs,  per  sq.  in,  for  beams  and  not 
to  exceed  350  to  500  lbs,  per  sg,  in.  for  columns  and  struts. 

The  modulus  of  elasticity  of  a  material  is  the  force  which,  if 
such  a  thing  were  possible,  would  stretch  it  to  twice  its  length,  or 
compress  it  to  zero.  For  steel  it  is  taken  at  an  average  of  30,000.- 
800  lbs.  and  the  difference  between  the  modulus  of  elasticity  of  high 
carbon  and  low  carbon  iteel  is  so  slight  that  it  must  be  n^lected  in 
practical  calculation!. 

Concrete  has  practically  no  modulus  of  elasticity  but  there  is  a 
oractical  ratio  of  deformation  between  concrete  and  steel  that  is 
turned  the  ratio  between  the  moduli  of  elasticity  and  is  designated 
lii'  the  letter  n  generally,  hut  by  some  writers  is  termed  e.  The 
fact  that  the  letter  e  is  practically,  accepted  by  mathematicians  the 
world  over  as  representing  the  base  of  the  Naperian  logarithms,  is 
an  argument  against  it,  whereas  n  stands  for  "number"  and  that  is 
practically  all  it  is  in  this  connection  for  the  number  selected  to  rep' 
resent  the  ratio,  is  arbitrarily  chosen  by  some  men. 

In  the  greater  number  of  building  ordinances 
n  =  12  or  15, 
and  the  greater  number  of  experiments  thus  far  made  indicate  that 
these  values  are  nearest  the  truth. 

The  amount  of  steel  represented  by  /4  is  the  area  in  sq,  ins,  and 
is  also  represented  by 

_-d. 
f~  bd 


0.  Google 


CONCRETE.  25fl 

or  the  ratio  of  sleel  in  the  beam  when  b  =  widtli  and  d  ^  depth  ol 
concrete  above  the  center  of  the  steel  to  the  top  of  the  beam. 

JV-jV=neutral  axis. 

ji  =  distance  from  neutral  axis  to  center  of  sieel. 

it  =  distance  from  top  face  of  beam  to  neutral  axis. 

x^k/B,  for  it  is  the  distance  from  the  compression  face  of  the 
beam  to  the  centroid  of  compression  in  the  concrete. 

/^moment  arm,  or  distance  from  centroid  of  campreasion  to 
center  of  steel. 

The  factors  y,  k,  x  and  /  are  percentages  of  d  and  arc  always 
represented  as  decimals. 

f  =  extreme  fiber  stress  in  the  concrete  and  =  ti  at  the  neutral 

/  =  unit  fiber  stress  in  the  steel. 

The  position  of  the  neutral  axis  is  dependent  upon  the  per- 
centage of  steel  and  the  selected  ratio  of  deformation.  The  per- 
centage of  steel  is  independent  of  the  size  of  the  beam. 

For  all  practical  purposes  a  beam  is  well  designed  when  it  has 
1.25  per  cent  of  steel  (=0.0125  bd)  and  the  neutral  axis  is  consid- 
ered as  in  the  middle.  This  gives  a  fiber  stress  in  the  concrete  of 
500  lbs.;  in  the  steel  of  10,000  lbs.  and  n  =  20.  A  great  many  de- 
signers use  this  straight  through  on  all  their  work  and  are  certainly 
safe. 

The  fiber  stress  in  the  steel  may  be  anything  we  wish  to  take 
but  it  must  be  remembered  that  the  modttlus  of  elasticity  governs 
the  deformation  and  if  a  high  stress  is  used  in  the  steel  there  is 
danger  of  lack  of  stiffness.  That  is  if  the  beam  is  designed  for 
steel  having  a  fiber  stress  of  say,  10,000  lbs.  per  sq.  in.  and  we  use 
instead  a  steel  that  can  be  stressed  16,000  lbs.,  the  amount  of  steel 
cannot  be  reduced  without  lessening  the  stiffness  of  the  beam  and 
thus  increasing  the  deflection. 

The  extension  of  the  steel  per  unit  of  length  is  found  by  divid- 
ing the  fiber  stress  by  30,000,000.  ^ 

The  value  of  a  high  carbon  steel,  or  one  that  can  be  used  with 
a  high  unit  fiber  stress  is  simply  that  when  used  in  the  same  amount 
that  a  softer  steel  would  be  used,  we  obtain  a  high  factor  of  safety, 
and  if  the  concrete  has  attained  a  strength  we  did  not  figure  on, 
then  we  have  a  much  stronger  beam,  to  resist  breaking  loads.  With- 
in safe  working  stresses  of  course  there  is  no  difference. 
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The  argument  by  which  the  size  of  a  beam  is  obtained  is  as  fol- 
lows, assuming  the  neutral  axis  as  in  the  middle. 

The  stresses  and  deformation  in  the  materials  vary  as  their  dis- 
trances  from  the  neutral  axis  so  the  compression  in  ihc  concrete 
will  be  represented  by  the  triangle  in  the  upper  haK  of  the  beam. 
To  find  the  stress  in  the  concrete  assume  that  c,  the  extreme  fiber 


eha^e_*l=. 


a  of  the  concrete. 


stress  is  500  lbs.  per  sq. 
Multiply  by  500  lbs,  and  as  the  average  stress  is  required  and  the  area 
is  triangular  this  must  be  again  divided  by  3.  and  the  whole  opera- 
tion can  be  represented,  as, 


500- 


bd 


-  =^  i25bd   which  represents    thi;    total    compressio 


in  the  concrete  side  of  the  beam. 

This  must  be  resisted  by  an  equal  tension  T,  in  the  steel.  Rep- 
resenting the  area  of  the  steel  by  A  in  sq.  ins.  and  the  area  of  the 
concrete  by  bd,  in  sq.  ins.  and  assuming  a  fiber  stress  of  10,000  lbs. 
per  sq.  in.  in  the  steel,  we  have  , 

1256^  =  10,000.4, 


125 


■^M  - 


5  per  cent. 


If  other  percentages  of  steel  are  used  then  it  is  necessary  to 
find  the  exact  position  of  the  neutral  axis  and  here  we  need  "h". 
After  the  neutral  axis  is  located  "«"  is  no  longer  required. 

The  formula  for  the  position  of  the  neutral  axis  for  any  per- 
centage of  steel,  with  any  assumed  value  of  "n",  is. 

Values  of  k. 


Area 

of 

steel 

8 

10 

12 

15 

20 

.005 

.25 

.27 

,^11 

.32 

.3.T 

.006 

.27 

.29 

.31 

.34 

.38 

.007 

.28 

.31 

33 

.36 

.41 

.008 

.30 

.33 

.35 

.38 

.43 

.009 

.31 

.34 

.37 

.40 

.45 

.01 

,33 

.36 

.38 

.42 

.46 

.0126 

.36 

.39 

,42 

.45 

,50 

.015 

.38 

.42 

.45 

.48 

.«3 
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i  —  V  (S/JH  t  P^')  —  pn 
and  for  convenience  a  table  should  W  calculated  o» 
every  percentage  from  .003  to  .2  for  all  values  of  " 


■  for  all,  for 
"  in  ordinary 


The  following  factors  can  be  used  for  all  percentages  below 
one  percent,  giving  the  same  results  to  two  places  decimal  as  the 
above  formula: 

„=  8    k  =  Lo  +  .lSp 

10  18  +  .18/- 

12  20  4-  18f 

15  iH+.lSp 

20  L>fi  +  .18/- 


/=10000 

J^  12500 

/=  15000 

of 

Values  of  c. 

Values  of  e. 

Values.of  c. 

-p 

500 

600 

700 

8U0 

500 

600 

700 

800 

600  j  600 

700 

800 

.005 

,20 

17 

,14 

.13 

2.1 

,21 

IS 

.16 

.30 

25 

21 

1!) 

9.4 

v,u 

IV 

15 

30 

v.n 

'^1 

19 

3fi 

30 

?6 

on? 

■JH 

,2S 

.20 

.18 

35 

,20 

,25 

W. 

.42 

» 

30 

26 

^■'. 

■rr 

«3 

•■0 

40 

■Xi 

•x< 

25 

4R 

40 

34 

30 

46 

33 

21t 

54 

45 

.01 

4(1 

33 

,20 

,25 

,50 

.4:-! 

;irt 

31 

,60 

50 

43 

38 

M 

4V, 

36 

31 

(13 

/.■rt 

4.S 

31 

75 

63 

.'.4 

47 

.Olfi 

.60 

.60 

.43 

.38 

.75 

,03 

.54 

.47 

.90 

,75 

,64 

.56 

/=  16000 

/— 18000 

/— 20000 

of 

Values  of  c. 

Values  of  c. 

Values  of  c. 

=? 

600 

eoo 

700 

800 

600 

600 

700 

SOU 

500 

600 

700 

800 

?n 

an 

:^fi 

?3 

40 

?t) 

nofi 

as 

3« 

CT 

■M 

43 

3« 

.31 

27 

4R 

40 

34 

30 

45 

3'^ 

51 

4V 

3? 

56 

47 

40 

35 

fflW 

51 

,43 

37 

.32 

58 

48 

.36 

.64 

53 

.46 

,40 

(1(W 

4S 

41 

M 

tirt 

54 

4« 

41 

7?. 

60 

5'^ 

4,S 

01 

«4 

.SH 

.4rt 

411 

.72 

.fill 

52 

.45 

.80 

.67 

.57 

.50 

.012fi 

«n 

fl7 

57 

.-iO 

W) 

75 

64 

.56 

84 

,72 

63 

.010 

.OB 

.80 

.69 

.60 

.90 

.VV 

,68 

.86 

.75 

H  the  designer  wishes  to  lie  together  the  fiber  stresses  he  pur- 
poses using  and  thus  to  determine  the  value  of  k,  the  following 
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fnrmiila  is  used: 


k  — 


M 


With  this  formula  a  table  should  also  be  calculated  for  k,  once 
for  all  and  thus  it  will  not  be  necessnr}'  1o  (to  through  the  process 
every  lime  a  beam  is  to  be  designed. 

With  these  two  tables  calculated  the  manner  of  using  them  will 
be  as  follows  :  Suppose  in  a  building  ordinance  the  value  of  "n" 
is  fixed  and  also  the  fiber  stress  in  the  concrete.  Looking  in  the 
first  table,  giving  values  of  "k",  under  the  column  headed  by  the 
given  value  of  "n",  find  k.  Then  in  the  second  table  giving  value' 
of  "k",  look  under  the  column  headed  by  the  given  fiber  stress  in 
the  concrete  and  opposite  the  value  of  k  in  that  column  will  be  the 
percentage  of  steel  to  use.  The  6ber  stress  in  the  steel  will  be  lied 
to  the  concrete  siress  and  can  thus  be  found. 

Values  of  Moment  Factor  K. 


i 

Value 

so'c 

k 

'Ak     ' 

J 

1 

500 

600 

700 

800 

25 

.083 

917 

57.3 

68.8 

80.2 

91.7 

.27 

.09 

91 

61.5 

73.7 

86.0 

98.3 

.L'8 

.093 

907 

63.6 

76.1 

88.8 

101,5 

.20 

.097 

903 

65.5 

78.5 

91.6 

t04.8 

,30 

.10 

90 

67.6 

81.0 

94.6 

108.0 

31 

.103 

897 

69.5 

83.4 

87.3 

110.1 

.32 

.107 

893 

71.5 

85.7 

100. 0 

114.1 

.33 

.11 

89 

73.4 

88.1 

102.8 

117.6 

.34 

.113 

887 

75  3 

90.5 

105,3 

120.5 

.35 

.117 

883 

77  3 

92.7 

108.0 

123.5 

.30 

.12 

88 

79.2 

95.0 

110.9 

126  8 

.37 

.123 

877 

81.0 

97.2 

113-4 

129.7 

.38 

.127 

873 

83  0 

99.5 

116-0 

132.7 

.39 

.1-3 

87 

84,8 

101.8 

IIS. 8 

135.8 

.40 

.133 

867 

86.7 

104.0 

121.4 

1388 

.41 

.137 

863 

88.5 

106.0 

1^3.9 

141.5 

.42 

.14 

86 

90.3 

108.3 

126.3 

144.4 

.43 

.143 

857 

92.0 

110.5 

129.0 

147.4 

.45 

.15 

85 

95.6 

114  8 

134.0 

153.0 

.46 

.153 

847 

97.4 

116.8 

136.2 

155.8 

,48 

.16 

84 

100.8 

12c.  9 

141.0 

161.0 

.50 

.167 

833 

104.0 

125.0 

145,8 

166.6 

.63 

.177 

823 

109.0 

130.9 

162.8 

174.5 

0.  Google 


CONCRETE. 

The  strength  of  a  beam  is  given  by  the  formula 

M  being  the  bending  moment  in  inch  lbs. 
'    All  the  dimensions  being  in  inches, 


'\Kb 


The  concrete  in  the  bottom  of  the  beam  below  the  steel  is  there 
simply  for  protecticoi.  It  should  never  be  less  than  the  thickness 
of  steel  and  for  fire  protection  should  never  be  less  than  two  inches. 
As  the  steel  is  sometimes  simply  wire  it  is  well  to  have  a  minimum 
thickness  of  one  inch,  so  the  steel  can  get  a  good  grip,  if  fire  pro- 
tection is  not  considered. 

To  calculate  a  table  givii^  values  of  K,  use  ihe  following  for- 
mula; 

and  the  table  nill  have  columns  headed  respectively  by  k,  j,  and 
different  values  of  c. 

To  use  the  table  first  obtain  the  value  of  k  and  then  under  the 
column  containing  the  chosen  value  of  c  will  be  found  K. 

The  strength  of  a  beam  is  fixed  by  the  material  deficient  in 
area  so  one  calculation  is  made  for  the  strength  as  given  by  the 
concrete, 

M=%C}k  bd'  =  C 

■  and  for  the  strength  as  given  by  the  steel 

M  =  T=ffibil' 

To*  design  a  beam,  assume  h  as  being  equal  to  1/20  the  span  and 

use  the  above  formula  to  obtain  d,  or  we  can  assume  b,  d,  and 

either  c  or  f  and  use  either  of  the  two  last  formulas,  first  finding  jt 

Given  the  size  of  a  beam  and  the  area  of  steel  to  find  (he  fiber 
stress  in  the  steel, 


'        P 
or,  calling  T  the  total  tension  in  lbs., 


To  find  the  fiber  s 


,J£/ 
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A  well  proportioned  beam  will  have  the  breadth  from  1/20  to 
1/21  the  span  and  the  depth  from  1/10  to  1/12  the  span. 

This  is  tor  the  reason  that  the  upper  part  of  the  beam  being 
in  compression  is  in  reality  a  slender  column.  When  tied  to  a  slab 
on  top  there  is  not  so  much  necessity  for  this  rule  but  it  is  best  to 
be  always  conservative. 

The  best  proportioned  beam  is  one  having  a  breadth  not  less 
than  HJ  and  not  exceeding  %[j.  The  rods  selected  should  be  of  a 
^ize  that  the  thickness  or  diameter  will  be  practically  1/100  of  the 
span.  This  for  the  reason  that  all  rods  should  be  imbedded  in  con- 
crete for  a  length  of  not  less  than  50  diameters  to  insure  bond. 

It  is  a  good  plan  to  have  stirrups  in  all  beams  and  the  stirrups 
should  be  bent  like  the  letter  U,  passing  under  each  rod  in  the  bot- 
tom and  up  to  within  an  inch  of  the  top  of  the  beam,  then  over  and 
parallel  with  the  top  for  about  six  inches.  Mr.  Ransome's  empirical 
rule  for  stirrups  was  to  have  them  of  very  heavy  wire  or  hi  inch 
rods  and  put  four  at  each  end  of  the  beam  verttcally,  on  each  rod. 
The  first  was  placed  at  a  distance  from  the  end  equal  to  ^d;  the 
second  %<i  from  the  first ;  the  third  ^d  from  the  second ;  the  fourth 
a  distance  equal  to  d  from  the  third.  This  in  addition  to  bending 
up  the  rods. 

For  beams  and  girders   we  should   always   use  the  formula, 
wP 
M=— g— and  not  figure  on  continuity  of  action  over  supports,  but 

as  this  action  is  present  we  should  provide  for  it  by  turning  up  the 
bottom  rods  to  go  over  the  supports  as  soon  as  they  get  past  the 
point  in  the  bottom  where  they  are  needed  for  bending  moment. 

One  method  is  to  turn  up  one-third  of  the  rods  at  the  third 
spans  on  each  side  and  let  them  go  on  a  slant  to  the  upper  part  of 
the  beam  at  the  end  of  the  span  and  then  over  the  support.  An- 
other method  is  to  turn  up  one-fourth  of  the  rods  at  the  14  points, 
one-third  of  the  remainder  at  the  1/6  points,  ii  of  the  remainder  at 
the  %  points.    The  outside  rods  to  go  straight  across  in  the  bot- 

r  the  supports  should  be  determined  by 


o  the  steel  which  has  been  bent  up  from  the  bottom 


0.  Google 


there  should  b«  other  pieces  gomg  to  the  M  points  and  there  bent 
down  at  an  ai^e  of  45  degrees  to  within  an  inch  of  the  bottom. 
Floor  and  roof  slabs  c?.n  be  calculated  by  the  formula 


when  the  panels  are  not  square,  using  a  width  of  12  ins.  as  a  unit. 
When  the  panels  are  exactly,  or  very  nearly,  square  we  can  use  the 
formula 

having  the  reinforcement  run  both  ways,  but  adding  to  d,  the  thick- 
ness of  the  second  layer  of  steel.  In  addition  to  the  covering  on  the 
bottom  required  for  protection  and  grip. 

For  stresses  in  the  steel  not  exceeding  12,500  lbs.  per  sq.  in. 
plain  steel  is  all  right  When  the  stress  is  higher  the  rods  or  bars 
should  be  deformed.  All  the  patent  systems  in  the  market  are  good 
provided  enough  steel  is  used  as  determined  by  the  foregoing  for- 
mulas. 

COLUMNS. 

Columns  reinforced  with  vertical  rods  are  the  best  if  economical 
designing  is  wanted  and  the  column  has  to  be  designed  for  working 

Let  P  ^  total  load  in  pounds  on  column. 

^^area  in  sq.  ins.  of  column.    To  this  however  must  be 

added  an  inch  on  each  side  for  protection  in  case  of  fire. 

IT  =  unit  fiber  stress  in  concrete,  usually  350  lbs.,  sometimes 

500  lbs. 
«  =  ratio  of  steel  stress  to  ccmcrete  stress. 
^  =  percentage  of  steel  in  cross  sectional  area  of  column. 
then 

P  =  Acll+{n-l)p] 
The  steel  should  be  in  smooth  straight  bars  resting  on  steel  plates 
at  the  bottom  and  wrapped  with  heavy  wire  having  a  pitch  about 
equal  to  12  or  IS  times  the  thickness  of  the  rods. 

City  building  ordinances  generally  fix  the  area  of  the  columns 
by  requiring  the  thickness  or  diameter  to  be  equal  in  inches  to  the 
height  in  feet  It  becomes  then  simply  a  question  of  determining 
the  amount  of  steel  =  p.  Some  economy  may  be  effected  by  mak- 
ing the  outside  dimensions  of  the  column  conform  to  the  ordinance 
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and  compute  the  steel  as  for  a  column  two  inches  smaller  each  way. 
Steel  in  the  form  of  spiral  rods  is  used  for  column  reinforce- 
ment but  is  expensive  when  the  ordinances  fix  low  stresses  as  above. 

FOOTINGS. 

Under  a  wall  the  footing  is  wide  enough  to  distribute  the  pres- 
sure over  an  area  it  is  believed  is  necessary  for  the  ground  on  which 
it  stands.  Then  for  each  12  ins,  in  width  of  the  wall  (length  of 
wall)  the  footing  is  fiKured  as  a  cantilever  beam  projecting  each 
side,  the  length  being  equal  to  the  projection  of  the  footing. 

The  steel  runs  straight  across  in  the  bottom,  from  one  edge  to 
the  other.    The  amount  of  steel  is  figured  from  the  bending  n 
Stirrups  must  be  used  also. 

At  the  outer  edge  there  need  be  only  a  few  inches  of  c 
over  the  steel.  At  the  edges  of  the  wall  there  is  a  share  equal  to  one- 
half  the  total  load  and  as  we  should  not  allow  more  than  50  lbs.  per 
sq.  in.  shearing  stress  in  the  concrete  the  thickness  of  the  slab  at 
the  junction  with  the  wall  will  depend  upon  this. 

In  obtaining  the  bending  moment  on  the  two  projecting  canti- 
levers, each  one  carries  half  the  load.  This  makes  a  short  beam  and 
care  must  be  taken  to  use  rods  that  will  furnish  sufhcient  bond  sur- 
face in  proportion  to  area. 

Column  footings  are  dimensioned  by  making  them  large  enough 
to  distribute  the  weight  over  sufficient  area.  For  the  reinforcement 
it  is  calculated  as  two  beams,  each  as  wide  as  the  column,  crossing 
at  right  angles  under  it.  Each  of  these  beams  makes  two  canti- 
levers extending  from  the  edge  ot  the  column  to  the  edge  of  the 
slab  and  each  of  the  four  cantilever  beams  thus  formed,  carries 
one-tourth  the  load.  The  shear  then  on  each  edge  of  the  column 
is  equal  to  one-fourth  the  load. 

Sometimes  the  reinforcement  thus  calculated  is  continued  across 
the  slab  both  ways,  but  in  that  case  all  the  steel  is  not  useful. 
Diagonal  rods  are  sometimes  used  to  the  corners  and  sometimes 
rods  are  placed  all  round  the  edges. 

CULVERTS. 

Plain  culverts  are  generally  made  square,  with  perhaps  a  dip 
in  the  middle  to  serve  as  a  gutter  in  the  bottom.  The  tops,  floors 
■nd  sides  are  calculated  as  slabs.     Sometimes  the  floor  is  omitted 
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and  the  sides  are  retaining  wall  abutments,  (he  top  tKing  a  slab  lu 
carry  the  roadway. 

DRY  CONCRETED  ROADBEDS. 

Within  the  past  year  a  number  of  street  railway  companies 
have  constructed  concrete  roadbeds  in  a  novel  manner. 

The  concrete  was  mixed  in  the  usual  way  but  without  water. 
It  was  therefore  put  in  place  exactly  like  dry  ballast  and  tamped 
as  ballast.  In  doing  this  it  was  found  easier  to  tamp  and  line  the 
ties  and  track. 

After  the  roadbed  is  thus  made  a  few  rounds  of  a  sprinkling 
car  moistens  the  concrete  and  it  sets  gradually.  In  some  cases  no 
watering  of  the  ballast  was  done  but  instead,  the  moisture  that 
penetrated  the  ballast  on  account  of  rain,  was  found  lo  be  suffi- 
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CHAPTER  IX. 
CONTRACTS  AND  SPECIFICATIONS. 


It  is  unwise  to  attempt  to  do  any  work  withofit  plans  and 
•pecifkations  being  prepared  in  advance,  with  estimates  of  cost. 
Complete  specifications  are  plain  descriptions,  with  Che  necessarv 
drawings,  in  detail,  of  the  work  to  be  done,  and  should  form  a 
part  of  the  contract.  Nothing  should  be  taken  for  granted.  Do 
not  bind  the  contractor  so  he  will  lose  control  of  his  men  and  do 
not  be  too  trustful  in  dealing  with  him.    Use  common  sense. 

As  a  rule  it  is  better  to  do  all  public  work  by  contract  than 
day  labor.  It  will  be  found  most  satisfactory  in  the  end,  although 
1  very  few  places  have  found  it  otherwise. 

It  is  not  economical  for  the  municipality  to  furnish  paving 
and  other  material  and  contract  simply  for  labor.  In  such  cases 
inspectors  are  apt  to  be  lenient  in  passing  imperfect  material  in 
order  to  save  loss.  The  only  way  is  to  have  the  contractor  fur- 
nish everything  under  rigid  inspection  before  it  goes  into  place. 

The  council  should  not  attempt  to  dictate  to  the  contractor 
whcan  to  employ  and  whom  not  to  employ.  It  is  not  just  to  the 
contractor  nor  acting  honestly  with  the  people  taxed  for  an  im- 
provement to  compel  the  contractor  to  employ  only  home  labor. 
It  is  well  to  help  home  labor  and  give  it  the  preference,  all  things 
being  equal,  but  if  the  contractor  is  limited  to  such  help  the  cost 
of  the  work  is  increased.  The  men  thus  encouraged  become  inde- 
pendent and  lazy  and  good  men  are  scarce  and  hard  to  deal  with. 
A  contractor  generally  prefers  to  get  all  his  labor  in  the  town  in 
which  the  work  is  being  done,  if  he  can.  Special  labor  protection 
clauses   as  a   rule   are  seldom   needed. 

For  economical  work  there  must  be  good,  clear  specifications, 
honest  advertising  and  letting  of  contracts,  with  competent  super- 
vision and  severe  penalties  for  non -performance  and  shirking  of 

ma 
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It  too  often  happens  that  in  small  (owns  and  cities  contracts 
and  specifications  are  copied  from  other  cities  where  conditions 
require  certain  clauses.  An  unreasoning  copying  does  not  always 
work  weU. 

Mr.  Wait  says  there  are  four  essentials  lo  a  contract.  They 
are  as  follows  i 

IM— Two  partia  witb   capacity  to   contract. 

>d — A  lawful  coniideraiion ;  a  aomnbing  in  cxcbaafc  for  ita  Icfal  cqiiir- 
>lcnt;  a  quid  pro  quo. 

Sd— A  lawful  nbjcct  matter,  whrtbcr  it  b«  a  promiHC,  an  act  or  a 
material  object. 

4tb — Uutnalitji  a  mtnoal  assent,  a  mutual  undcrstsodins,  a  meetini  of 
the  minda  of  the   ptrtiea. 

WitiMUt  these  four  elemcDta  no  contract  is  binding  in  law. 

Dr.  Waddell  says :  "The  esentials  of  a  well  drawn  contract  that 
comes  within  the  province  of  the  engineer  are  as  follbws : 

1. — A   proper    and   customary    form. 

9.— A  full  and  correct   deictiption  of  all  partiei   to    ~ 

3. — A   thorough   and   complete   preamble. 

4. — A  atatcmem  of  when  and  under  what  conditions  the  c 
become    operative. 

G.— The  limit,   if  any,   for   duration  of  contract. 

S. — An    exbanstive   statement    of    what   each    party   to   the   c 

T.— A  clearly  defined  enunciation  of  the  consideration  whic 
it  to  receive  1  this  is  the  esaential  raisan  d'ttrt  of  the  initrumen 

S.~The  forecasting  of  all  posdble  eventualiiiea  that  wou 
•Sect  the  agreement,  and  a  full  natement  of  everything  that  ia  ti 
case    of    each    eventuality. 

S. — Penalties  for  failure  to  comply  with   Ihe   varioua  terma  i 


\  business  relations  coveted  by  the 
contract  or  resulting  therefrom  in  case  of  cancellation,  taking  into  account 
all  possible  important  eventualities. 

1!.— Mention  of  the  place  where  the  agreement  is  drawn  or  of  the  place 
where  It  is  to  be  put  in  force,  ao  as  to  ihow  the  stale  under  the  laws  of  which 
tbf  validity  of  the  contract  ii  to  be  determined,  ahonld  luit  be  necessary  to 

IS. — Methods  of  paymentg,  if  any  are   to  be  made. 

14.-— Provioion  for  extra  compcnaation  and  the  limitationa  connected 
therewith. 

IS. — Provision   for   possible   changes    in    contract. 

IS.— Provision  for  transfer  of  the  contract,   or  for  subletting. 

IT. — Provirion   for   settlement   of   disputea. 
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IS.— ProrWon  for  ntigfaciorj  mi  •nfflclent  bond,  if  ray  be  needed, 
le. — Ptoridon  for  defenac  of  liwauita,  if  lucb  proviiion  be  necesmr. 
I«. — Definition   of   names   oKd    la   contract    anch   as   "lingjneer,"    "Cihb- 

panjr,"   "Contrartor"    ot    'TroWee." 
21. — Dating  of  contnct. 

iC— Proptr  rignalures  with  the  neccBnry   seaLi.  if  the  laller  be  required. 
33.— WitDcuci  Id  the  ngaatnrei,  or  eiecation  before  a  noiaty  pnblie. 

The  Afflerican  Public  Works  Association  was  formed  in  1904. 
The  object  is  to  have  a.  clear  understanding  of  all  that  enters  into  a 
contract,  between  city  officials  and  contractors  for  public  work. 

This  association  asks  that  the  following  rules  be  observed  in 
preparing  contracts  and  specifications  : 

1.— When  alate  or  munitipal  itatutei  conflict  with  asioiialion  ruiei.  ih« 
latter  shall  be  waiyed. 

2. — Wben  work  i>  done  on  a  percentage  baiii.  Kcurity  should  be  given 
to  guarantee  estimate  and  faithful  performance  of  the  work. 

3. — Designltag  engineer  shall  not  compete  for  work  advertiud  to  be  let 
under  his  plans  and  specifications. 

4.— No  bid!  ahall  be  aiked  until  moneir  to  pay  for  the  work  has  been 
provided. 

S. — Bid*  aball  be  opened  and  read  in  public. 

a.— No  bids  shall   be  submitted  after  time  named   in   advertisement. 

T.— No  bids  ahall  be  withdrawn  after  time  set  for  opening  of  bids. 

3.— Illegibility,  or  ambiguily,  shall  invaiyste  a  bid. 

9. — Biddera  shall  not  be  permitted  to  change  prices  stated   in  bid, 

10.— Bids  shall  state  apeclfically  make  of  apparatus  or  machinery  proposed, 
and  same  shall  be  apecilied  in  contract. 

11.— Wben  all  bids  are  rejected  new  bids  ahall  not  be  made  an  the  »me 
qiecificatlons   without   readvertiaing. 

le.— The  amount  of  certified  check  required  shall  be  stated  in  ad'crtiic. 
ment  calling  for   bids. 

IS.- Bid  bonds  may  be  substituted  for  certified  checka. 

U. — Checks  or   bid  bonds  shall  be   returned   to  all  but  succesaftil  bidder 
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n.— CbMgei  in  unitnielioa  ihall  not  be  nude  to  lenni  qnuithlci  of 
material  in  tranait  or  in  proccM  of  mannfacttm  nolcw  contfactor  be  piM 
for  all  actual  Ion  occaaionciL 

13. — When  1  ipeciGc  make  of  machinciy  or  apparatui  ii  apedGed  in 
contract  aame  aball  be  furniihed  in  accordance  with  manBEactnrer'a  plant  and 
qiedficationa   sabmitted   vith  bid. 

S<.— EnginetT  or  bis  authoiiied  aantUnU  aball  at  all  timea  have  acccu 
to  the  work  and  malemli  for  pnrpoae  of  invtctioD,  and  have  notice  of 
concealed  work  before  it  ii  covered. 

i&. — In  event  of  emcrgeocr  work  contractor  lAaU  notify  cn^neer  and 
engineer  ahall   furnish  Intpector. 

IB. — Work  done  in  regular  progreia  of  the  contract  and  ordered  torn 
down  for  purpose!  of  inapectlon,  if  found  to  be  in  accordance  with  the 
apedfialloni  shall   be  at  cost  of  contraclee. 

ST. — Engineer  shall  give  wriiles  notice  to  contractor  when  work  or  ma- 
terial  hat  been  rejecied. 

>a.— Hontbljr  eitimate   ahsU  be  made  on  or  before  ihe  iifth  day  of  each 

19. — Monthly  eatimate  shall  be  based  on  Ihe  contract  price  and  shall  in- 
elOde  all  material   delivered   and   labor   performed. 

SO.— Ten  per  cent  of  Dwnihly  eatimate  shall  be  retained  by  contnctee 
until   work  ia  completed. 

81.— Time  aha'.l  be   allowed  contractor   for  delay  caused  by   strikes,   acii- 

ii. — When  work  ia  completed  engineer  shall  accept  or  reject  tame  within 

takes  posaeasion  of  plant,  whether  aettlement  baa  been  made  or  not,  mlest 
otherwiae  agreed. 

M.— Wben  work  is  accepted  the  10  per  cent  retained  shall  be  paid  in 
final  settlement,  and  bond  ahall  he  released  and  returned,  except  where  a 
lime   guarantee   haa  been  agreed  upon. 

te. — Arbitration  shall  be  retorted   to  In  all  caaea  before  applying  to  the 

It  will  lengthen  an  already  lengthy  document  too  much  to  add 

the  foregoing  nineteen  rules  in  the  specifications  and  contract,  so 
it  will  be  enough  to  put  in  one  paragraph,  "Work  to  be  done  tinder 
the  Rules  of  the  American  Public  Works  Association." 

It  will  be  a  good  idea  also  to  put  that  statement  in  the  advertise- 
ments for  bids  in  order  to  attract  the  best  contracting  firms. 

The  above  rules  seemed  to  be  necessary  in  view  of  the  many 
absurd  restrictions  put  upon  contracting,  especially  in  small  places 
where  the  city  attorney  and  city  surveyor  feel  frightened  over  the 
prospect  of  having  dealings  with  an  outside  man  or  firm. 

Engineering  News  notes  with  approval  the  following  clause 
from  specifications  sent  to  the  editors  for  comment: 
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comparlwna  of  Uds  at  the  re 

In  the  first  edition  of  this  work  the  writer  placed  in  this  chap- 
ter specifications  for  all  classes  of  work. 

In  the  present  edition  the  specifications  have  been  placed  in 
appropriate  chapters,  leaving  in  this  only  the  matters  nol  elsewhere 
discussed. 

Every  man  having  much  to  do  with  the  preparation  of  plans 
and  specifications  and  the  drawing  of  contracts  should  have  the  fol- 
lowing books  which  are  placed  according  to  price  and  also  of  rela- 
tive value  to  men  who  are  not  lawyers. 

Specifications  and  Contracts,  by  J.  A.  L.  Waddell  and  John 
Cassan  Wait. 

Contracts  and  Specifications,  by  Prof.  J.  B.  Johnson, 

Law  of  OperaticMis,  and 

Engineering  and  Architectural  Jurisprudence,  2  vols.,  by  John 
Cassan  Wait, 

The  specifications  presented  here  and  elsewhere  throughout  the 
hook  were  selected  on  account  of  their  completeness  and  special 
fitness  for  the  average  place. 

Every  city  and  town  engineer,  however,  should  make  a  collec- 
tion of  specifications  each  year  from  the  different  large  cities  and  be 
on  the  lookout  for  specifications  for  the  kinds  of  work  in  which  he 
is  interested.  This  matter  should  be  card  indexed  and  kept  where 
it  can  be  readily  referred  to. 

NATIONAL  BOARD  STANDARDS. 


SpecificBliong  for  Hydnuta. 
Specilkatiinis  for  Water  Pipes 
SpecificMiona  for  Hole. 
Fire  DooiB  and  Shutters, 
Wire  Gloss  and  Fnuning  oE  Si 
Watchmen's  Clocks. 
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Fire  Pflila,  Waste  and  Ash  Cans. 

Chemical  Fire  Eitiaguishns,  both  Hand  and  Stationary. 

Fuel  Oil  Storsge. 

Keroscns  Oil  System-.. 

Gasoline  LiRhting. 

Gasoline  Stoves. 

Acetylene  G»»  Generators, 

Gasoline  Engines. 

Any  of  the  above  standard  specifications  can  be  obtained  from 
the  National  Board  of  Fire  Underwriters,  No.  32  Nassau  street. 
New  York  City,  upon  application. 

STRUCTURAL    MATERIAL. 

WROUGHT  IRON— All  wrought  iron  ahall  be  aniform  in  chmcter, 
fibrous   lough   and   ductile.      It   ihall    have   an    ultimate    les^le   renatance  of 

(4.000  pounda  per  square   inch,    and  an   elongation  of  SO   per   cent   Id   eight 
inche*  when  tested  la  small   specinKnt. 

STEEL— All  structural  aleel  shall  have  an  ultimate  tensile  strength  of 
from  tl.OOO  to  Sl.OOO  pounds  per  «quare  inch.  Its  elastic  limit  ahall  b* 
not   leas  than   8t,000   pounds   per   pqnare   inch,   and  test  specimens,    rnptured 

in  eight  incbei.      Rivet  ■ 

CAST  STEEI^Shall  he  made  of  open  heanh  steel  containing  one-foorth 
to  one-half  per  cent  of  carbon,  not  over  (ight  hundredths  of  1  per  cent  of 
pbospbora*,  and  shall  be  practically  free  from  blow  bole*. 

CAST  IRON— Shall  be  of  goad  foundry  mixture,  prodacing  a  clean, 
tongb,  gray  iron.  Sample  bars  five  feet  long,  one  inch  square,  cast  in  Band 
apart,  shall  bear  a  cenlTtl 
hall  be  free  of  serjout  blow 
holem    cinder   spota  and   cold    shuta.      Ultimate   tensile   Mrength    shall   be   not 

TIMBER- All  timber  used  shall  be  of  good,  sound  material,  free  from 
rot,  large  and  loose  knots,  shakes,  or  any  imperfection  whereby  Ibe  atteagth 
nuy  be  impaired,  and  to  be  of  the  ^ze  and  dimensions  called  for  In  the 
specifications  and  plans. 

OTHER    MATERIALS— Hints    as    to     proper    ^KcilicaTions    for    brick. 

HYDRANTS,  WATER  PIPE,  HOSE— To  be  in  accordance  with  National 
Board  standardly  and  latest  edition  of  the  New  England  Water  Works  Asaa- 
ciatlM. 

i    of   the    Americ«a 
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LIGHTING. 


The  cost  of  street  lighting  does  not  seem  to  vary  by  any  known 
rule.  Investigation  shows  such  wide  differences  in  the  same  locality 
that  sometimes  hints  of  collusion  between  council  men  and  officials 
of  the  light  company  may  be  warranted.  The  policy  of  the  private 
company  is  of  course  to  "charge  all  the  traffic  will  bear,"  and  as 
rates  are  often  fixed  by  simple  comparison  of  rates  in  near-by 
cities  there  is  danger  of  innocent  and  unsuspecting  men  of  honest 
intention  being  hoodwinked  by  showings  from  places  where  the 
administration  of  affairs  is  not  so  fair  and  honest  as  in  their  town. 
Yet  there  is  also  the  danger  of  the  lighting  company  being  unb- 
tentionally  wronged  by  a  comparison  unjust  and  too  one-sided. 
But  if  the  rates  are  fixed  too  low  the  company  goes  into  the  courts 
and  shows  its  books  whereupon  the  judge  is  liable  to  fix  the  rates. 
Owing  to  this  some  cities  have  a  pleasant  little  way  of  fixing  the 
rates  at  the  point  which  is  one  notch  higher  than  the  litigation  point 
and  thereby  secure  a  low-priced  service— which  is  apt  to  be  very 
cosily  in  reality,  considering  service  and  breakages,  or  pretended 
breakages,  or  by  the  fixing  of  a  schedule  by  the  company  which  does 
not  inure  to  the  benefit  of  the  city.  No  just  comparison  can  be  made 
without  a  full  knowledge  as  to  the  number  of  hours  of  burning. 
A  contract  between  the  light  company  and  the  city  should  be  specific 
and  in  detail  and  should  be  submitted  to  some  rnan  who  has  a  knowl- 
edge of  the  business  and  the  technical  terms  used,  before  it  is  signed. 
Claims  of  a  lessening  of  cost  under  municipal  ownership  are  not 
always  borne  out  on  investigation,  as  municipal  book-keeping  leaves 
much  to  be  desired.  Many  men  do  not  seem  to  consider  that 
municiiial  works  are  as  liable  to  deterioration  by  time  as  private 
works  and  therefore  do  not  write  oft  depreciation  every  year. 
274 
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The  invariable  fault  is  to  fall  back  on  taxation  to  make  up 
deficits,  pay  bonds,  etc.  While  this  is  perhaps  correct,  the  amounts 
the  taxpayers  have  to  pay  on  account  of  the  bonds  and  other 
expenses  incurred  by  reason  of  municipal  ownership  should  show  on 
the  books  of  (he  plant  as  items  of  expense. 

The  cost  of  lighting  willi  arc  lights  varies  from  $56  to  $136 
per  year  and  the  schedules  and  average  hours  of  burning  vary  as 
much  more.  But  it  may  be  stated  that  in  detailed  examinatioit  of 
the  schedules  it  does  not  show  that  the  hours  vary  as  the  cost 
exactly. 

For  a  small  town  kerosene  lamps  on  posts  have  been  used  with 
only  fair  satisfaction,  until  a  gas  plant  or  electric  plant  has  been 
put  in.  But  it  is  not  necessary  lo  wait  for  a  general  plant  to  be  put 
in  as  there  are  several  makes  of  incandescent  mantle  gasoline 
lamps  in  the  market  which  give  excellent  satisfaction.  The  burner 
has  to  be  heated  before  the  gas  is  lighted  and  some  have  a  small 
separate  alcohol  lamp  for  the  purpose  while  others  have  an  attach- 
ment on  the  burner.  The  lamps  are  made  in  several  styles  for 
street  use  and  many  prefer  them  to  gas  or  electric  light. 

From  one  of  the  circulars  of  a  firm  making  gasoline  incandes- 
cent mantle  lamps  the  writer  has  taken  a  table  showing  the  com- 
parative cost  of  lighting  a  room  20x60  feet  floor  area  and  with 
ceiling  of  ordinary  height.  It  is  given  below  and  has  not  been 
changed  in  any  way.  A  few  remarks  might  be  made  in  this  con- 
nection, however,  as  to  the  statement  of  cost  so  the  reader  can  figure 
the  matter  out  himself.  A  16-candle  power  electric  lamp  is  con- 
sidered sufficient  in  most  cases  for  a  Hoor  area  of  100  square  feel, 
therefore  it  is  possible  the  cost  of  the  electric  light  service  might 
be  less  than  the  figures  given.  Three-fourths  of  a  cent  per  hour  is 
a  usual  charge. 

A  16-candle  power  gas  jet  is  more  likely  to  consume  6  feet  per 
hour,  although  the  usual  flow  of  an  ordinary  burner  is  5  feet.  One 
dollar  per  1,000  feet  of  gas  is  cheap  gas.  The  information  as  to 
cost  of  carbine  for  acetylene  gas  gives  no  information  lo  the  non- 
technical reader.  In  the  city  of  Wabash,  Ind.,  the  cost  of  a  16-eandle 
power  acetylene  jet  in  1000  was  'A  cent  per  hour  with  discounts 
off  of  from  10  per  cent  to  30  per  cent  for  consumption  of  from  600 
to  2,000  hours.  The  cost  of  the  oil  lamp  with  central  draught,  the 
writer  believes  to  be  a  trifle  low  and  he  can  not  vouch  in  any 
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manner  for  the  figures  relating  to  the  incandescent  gasoline  lamp. 
except  to  Btate  that  he  knows  where  electric  lights  have  been  taken 
out  and  these  lamps  tised  instead,  with  better  satisfaction  and  a 
remarkable  saving  in  expense.  The  ninnber  of  hours  had  best  be 
investigated  also  in  the  table  as  the  writer  has  not  looked  into  it  ifi 
any  way  except  as  to  the  cost  explained  above.  It  is  always  best 
to  examine  closely  all  tables  and  statements  made  in  catalogues, 

COMrABAIlVE  COST. 

For  Lighting  a  Room  20x60  One  Hundred  Hours 
Per  Month  for  One  Year. 
Eighteen  incandescent  electric  lamps,    16-candle 
power,  288  candle-power,  21,800  hours  at  }4 

cent  per  hour,  cost $162.00 

Eighteen   gas    jets,    16-candle   power  each,   288 
candle  power,  fi  feet  per  hour,  per  jet  at  $1 

per  1,000  feet,  cost 108.00 

Twelve  Acetylene  gas  jets,  20-candle  power  each, 

240-eandle  power,  carbide  at  $90  per  ton,  cost. .   100.00 
Three  central   draft  oil   lamps,   7S-candle  power 
each,  225-candle  power,  one  gallon  of  oil  per 

burner,  10  hours,  at  6  cents,  cost 21.fl0 

Three  incandescent  gas  lights,  lOO-candle  power 
each,  300-candle  power,  one  gallon  of  gasoline 

per  burner,  60  hours,  6  cents,  cost 3.60 

The  following  table  from  the  Municipal  Journal  and  Engineer. 
June,  1905,  was  compiled  by  the  Mayor  of  Syracuse,  N.  Y.,  from 
gathered  prior  to  the  re-letting  of  the  contract  for  that  city : 
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Co»l. 

»1.B8 

!>» 
1.30 
1.TS 

latlonof 

A&;-; 

138,018 

VST'.:: 

531,318 

1,700.000 

BEffir..'. 

T7.8S6 

a«veUod    .'. 

as'"..:-. 

'.'.'.'.'.    138|t8T 
....      44;i6B 

TOO.OOO 
LOJCOOO 
81.000,000 
9,600.000 

i;oso.ooo 
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Hnnidiul        Co>t 

or  Per  Arc  Average       CBpidli- 

Gty.  Popntation.  Piiiatc  Ligbt  Fuel  Price  latioool 

PUnl.  Per  Yew.  Uied.         Coal.  PUnt. 

Detroit    lOe.BSS  Municipal      aS.OO  Coal  l.tO  tSt.OOO 

Elndn    37,100  Private  T3.0a  Coal  2.00 

P>U   Hlvcr    114,00*  Private  00.00  Coil  3.00  l.SSO.OOO 

Grand  lUpid* »1,eS0  Hunicipal      ei.8S  Coal  a.SS  MB.KM 

Hlrtfatd    ST.OOS  Private  SO.OO  Coal  S.IM 

IndianOHilia    1«S,0SS  Private  100.50  Coal  t.IS  aKO.OOO 

Icrwr  Citit   Il«,4eS  Privait  70.B8  Coal  8.85  4S,O0O 

Kaniat    Citjr iTS.Oflt  Privaie  70.00  Coal  and 

water     4.00  1,MHI.00« 

Loaiinllc    )1S,401  Private  T4,00  Water 

Lowell    100,150  Private  0T.50  Water 

Lviin    Tl.>50  Private  65.00  Coal  1.00 

UeiDpbia     113,808  Private  84.00  Coal 

MinneapoHa    E14,118  Private  130.45  Coal 

Nashville     BZ,711  Municipal      BS.SS 

New   Bedford    ....      B8,9B5  Private  85.00 

New  Haven    114,000  Private  Si.DO  Coil  5.00 

New  Orleaos   SaO,8!G  Private  45,00  Coal  l.TO^  100,000 

New  York   S.TS«,13»  Privaie  08.55  Coal  845,000 

Omaha    119,301  Private  88.11^  Coal  3.TG  1,000,000 

PateraOD    1)3,257  Private  77.00  Coal  1.25 

Fortluid.   Ore.    ...      08.6&S  Private  14fl.0D  Coal  85,(15,000 

Providence    180,743  Private  S4.oO  Coal 

Reading     55,051  Private  lOl.OO  Water 

RichmiMtd    50,148  Private  55.00  C«l  3.80  I.OOO.OW 

Schenectady     43,538  Private  109.SO  Coal  1.7B 

Soaaton    10T,0Sa  Private  8S.0O  Coal  t.Bl 

Seattle    ..  "  ' 

St.   joKpL      --  --        - 

St   ftul    17S.03B  

St.    Looia    012,170  Private  95.00  Coal  l.CO  102,000 

Toledo     146,001  Private  03.00  Coal  2.00         10,000,000 

Trenton    70,700  Private  83.00  Coal  >.DS 

Troy    76,587  Private  1J8.8S  Waterand 

Utica    80,007  Private  115.18  Coal  2.50           2|ooo!o00 

Wa^ington    :0S,E17  Private  85.00  Coal  3.00 

Wilmington     81,500  Private  Coal  5.00 

Worccner     128,552  Private  108,00  Coal  4.75              500,000 

Vonkeri    52,701  Priviie  109.50  Coal                              200,000 

The  cost  for  gas  anil  electric  lighting  and  for  telephone  service 
13  not  always  lower  in  a  large  city  than  in  a  small  one.  It  is  apt 
to  be  more  costly,  for  maintetiance  in  a  rapidly  growing  city  or  in 
one  covering  a  large  extent  of  territory  is  greater  per  service  Ihan 
in  a  steadily  growing  city  of  moderate  size. 

More  is  known  about  acetylene  gas  than  was  known  a.  few  years 
ago.  Before  any  city  determines  upon  gas  or  electricity  or  any  other 
form  of  lighting  to  be  owned  as  a  municipal  enterprise  a  long  and 
careftil  investigation  should  be  made  and  estimates  obtained  by  a 
competent  man,  or  by  competent  men, 

-  In  relation  to  the  placing  of  lights  a  report  made  in  St.  Louis 
(18M)  by  tbe  board  of  public  improvements  was  against  the  use  of 


Joieph    110,179     Municipal 
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electric  lights  in  the  residence  districts  and  in  favor  of  incandescent 
mantle  gas  lamps  (not  gasoline,  but  city  gas).  The  cost  was 
found  to  be  practically  the  same.  In  the  business  district  a  large 
volume  of  light,  which  will  in  some  measure  illuminate  the  buildings 
as  well  as  the  streets  is  needed,  while  in  the  residence  districts  an 
even  distribution  of  light  by  small  units  is  found  to  be  wanted. 
Small  units  of  light  have  an  economical  advantage  for  lighting  long 
blocks  with  few  street  intersections.  Incandescent  electric  lamps 
in  the  residence  districts  are  objectionable  on  account  of  the  wiring 
strung  overhead  and  across  intersecting  streets,  and  electric  arc 
lights  in  residence  districts  are  an  annoyance  to  the  residents  of  the 
immediate  vicinily.  Trees  in  a  residence  district  also  interfere  with 
a  proper  distribution  of  light  from  an  electric  lamp. 

In  many  European  cities  the  number  o£  gas  jets  in  out-of-the- 
way  courts,  narrow  squalid  streets  and  other  places  where  in  the 
United  States  it  is  thought  a  waste  of  good  money  to  put  lights, 
always  attracts  the  attention  of  the  traveler.  Upon  inquiring  the 
reason  he  is  told  that  one  gas  jet  is  equal  to  a  policeman  and  very 
much  cheaper,  as  a  preventative  of  crime.  In  some  cities  of  the 
United  States  it  has  been  found  that  a  bright  light  at  each  end  of  a 
block  does  more  toward  clearing  a  neighborhood  of  the  unfor- 
tunate creatures  of  the  half  world  than  a  nightly  raid  of  the  police. 

FIRE  AND  POLICE  ALARMS. 

There  is  only  one  standard  alarm  system  in  the  United  States, 
and  when  a  town  becomes  a  city  the  agents  for  the  system  soon 
give  all  the  information  about  it  that  any  man  can  want. 

It  is  too  costly,  however,  for  the  small  town,  and  for  such 
places  the  writer  has  found  the  simple  magneto  telephone  to  be  as 
efficient  as  anything  and  very  cheap.  The  operation  of  such  a 
system  is  as  follows:  The  ci(y  is  divided  into  districts,  seldom 
exceeding  six  on  account  of  the  number  of  rings  required,  and 
each  district  has  a  number.  As  many  telephones  as  the  city  can 
afford  to  pay  for  are  put  in  locked  boxes  on  poles  with  a  notice 
painted  on  the  box  telling  where  the  key  may  be  found.  In  many 
of  the  saloons,  stores,  hotels  and  other  public  places  and  in  the 
residences  of  the  members  of  the  fire  department  may  be  placed 
telephones  or  simply  alarm  bells.  When  any  person  notices  a  fire 
it  is  only  necessary  to  go  to  the  nearest  telephone  box,  open  it 
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and  proceed  to  ring  the  number  of  rings  which  will  indicate  the 
district  in  which  the  fire  is  discovered.  The  alarm  should  be  rung, 
say  three  titnes,  and  then  the  aurophone  put  to  the  ear  to  inquiries 
may  be  answered.  They  will  come  in  at  once  from  every  tele- 
phone on  the  line  and  one  answer  is  made  to  all,  giving  the  exact 
locality  of  the  fire  by  the  house  owner's  name,  or  number  and  street. 
The  companies  are  supposed  to  have  sufficient  organization  for 
every  member  to  know  exactly  where  to  report.  The  chief  should 
at  once  repair  to  the  fire  and  the  various  captains  and  other  desig- 
nated officers  to  the  places  where  the  hose  carts  and  ladder  trucks 
and  engines  are  housed.  Some  members  who  have  apparatus  at 
their  residences  or  places  of  business  proceed  to  the  fire,  while 
others  whose  duty  it  is  will  stop  to  rouse  certain  individuab  who 
have  no  alarms. 

BUILDING  REGULATIONS. 

The  following  extract   from  the  1904  report  of  the  State  Fire 
Marshal  of  Ohio  is  instructive : 


"The  reckless  Use  of  gasoline  in  Ohio  caused  395  fires  during 
1904;  3S6  in  1903;  473  in  1901.  The  many  appalling  accounts  of 
persons  being  burned  to  death  by  explosions  of  this  product  of 
petroleum  does  not  seem  lo  have  taught  the  people  a  proper  appre- 
ciation of  its  power  to  destroy.  They  are,  perhaps,  not  aware  that 
the  vapor  arising  from  gasoline  when  mixed  in  a  proportion  of 
over  T  per  cent  with  the  air  is  one  of  the  most  dangerous  explosives. 
The  liability  of  powder  to  explode  in  handling  is  but  slight  if  com- 
pared with  that  of  gasoline. 

"At  the  ordinary  temperature  of  a  dwelling,  gasoline  continu- 
ally gives  off  inflammable  vapor,  and  a  light,  a  spark  or  a  lighted 
cigar  within  a  distance  of  ten  feet  from  the  material  may  ignite 
it  through  its  vapor  which  explodes.  The  vapor  from  one  pint  of 
gasoline  will,  in  the  absence  of  free  ventilation,  make  BOO  cubic 
feet  of  air  explosive.  It  depends  upon  the  proportion  of  air  atld 
vapor  whether  it  becomes  a  burning  gas  or  an  explosive.  The 
danger  does  not  lie  so  much  in  the  devices  for  its  use  as  in  having 
it  about  The  widespread  practice  of  using  it  for  cleaning  purposes 
is  reckless  indeed,  for  aside  from  its  making  the  sitrroanding  air 
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ive  the  friction  from  rubbing  textile  fabrics  in  it  may  pro- 
in  electrical  spark  which  will  ignite  it  and  set  the  room  ablaie. 
ent  circular  from  the  National  Board  of  Fire  Underwriters 
i  expert  advice  relative  to  the  handling  of  gasoline  devices." 


The  writer  has  prepared  building  ordinances  for  towns  and 
intended  in  this  chapter  to  present  one  as  a  guide.  Not  as  a  model 
ordinance,  but  one  that  would  do  as  it  has  done  in  other  places. 
The  idea  was  given  tip  when  the  Building  Committee  of  the 
National  Board  of  Fire  Underwriters,  New  Vork  City,  made  a  final 
report.  It  is  in  the  shape  of  a  complete  building^  code  and  designed 
to  cover  conditions  in  towns  and  villages  as  well  as  in  cities. 

A  copy  will  be  sent  upon  request,  accompanied  hy  ten  cents 
postage,  to  all  city  officials.  Perhaps  others  may  also  obtain  copies, 
but  that  can  be  found  out  by  writing  to  the  Secretary  in  New 
York  Ciiy. 

The  Code  looks  somewhat  voluminous,  but  the  writer  would 
urge  that  it  be  passed  in  its  entirety,  for  no  one  can  foretell  what 
the  little  place  may  become.  There  is  nothing  in  it  that  will  be 
likely  to  meet  with  more  opposition  than  is  common  with  ordinances 
prepared  for  the  good  of  the  many,  with  no  hidden  motives. 

The  passage  of  this  ordinance  in  all  the  towns  and  cities  of  the 
United  States  will  tend  toward  a  desirable  uniformity  of  insurance 
rates  and  a  desirable  uniformity  in  building  construction  generally. 

When  people  herd  together  in  thickly  settled  communities  three 
things  are  to  be  guarded  against : 

Insanitary  surroundings 

Risk  of  fire. 

Risk  of  danger  to  life  because  of  cheaply  constructed  buildii^s. 

A  good  health  department  to  care  for  the  disposal  of  wastes 
will  do  much  for  the  protection  of  health. 

A  good  fire  department  is  necessary  and  does  much  to  avoid 
great  losses  by  fire.  A  fire  department,  however,  can  be  much  less 
costly  than  it  now  is,  if  proper  attention  is  paid  to  the  erection 
of  buildings.  A  poorly  constructed  building  may  cause  incalculable 
damage  by  reason  of  being  a  fire  trap,  it  also  prevents  the  fire 
department  doing  good  wo^i^  because  of  fear  that  it  may  fall  whfle 
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the  tire  is  being  fought.  Firemen  are  brave  and  take  great  risks, 
but  they  are  not  going  to  talte  needless  risks  more  than  other  men. 
A  single  badly  built  structure  increases  insurance  rate  for  many 
blocks  in  its  vicinity  and  lowers  rents  for  as  great  a  distance. 
SOME  DETAILS  OF  CITY  BRIDGES. 
(An  abstract  in  EHgitieering  News  of  a  paper  read  by  Willi* 
Whited,  assistant  engineer.  Department  of  Public  Works,  Pitts- 
burg, Pa.,  and  printed  in  the  Proceedings  of  the  Engineers'  Society 
of  Western  Pennsylvania:) 

City  bridge  floors  should,  wherever  practicable,  be  paved, 
if  the  traffic  is  heavy  enough  to  justify  it.  Plank  floors  are  expen- 
sive to  keep  in  repair,  besides  being  rough  and  unsightly  after  they 
are  somewhat  worn;  they  are  also  apt  to  break  through  and  injure 
horses'  legs.  A  durable,  cheap  floor  consists  of  reinforced  concrete 
slabs  placed  on  the  stringers,  or  cross  beams,  and  covered  with 
asphalt  paving.  This  is  somewhat  heavier  than  plank  floor,  and 
rather  more  expensive,  but  the  cost  of  maintenance  is  so  much  less 
that  in  the  long  run  it  is  more  economical.  It  has  the  further 
advantage  that  it  is  waterproof  and  prevents  the  drainage  from  the 
roadway,  which  is  quite  corrosive,  from  rusting  the  steelwork  under- 
neath. Other  good  methods  of  constructing  floors  are  by  buckled 
plates,  and  by  beams  covered  with  flat  plates;  these,  like  the  rein- 
forced concrete  slabs,  can  be  covered  with  any  suitable  paving; 
they  also  furnish  a  belter  support  for  street  rails  if  they  are  re- 

If  a  plank  floor  is  used,  white  oak  or  yellow  pine  are  good  for 
joists.  The  flooring  may  be  laid  in  two  thicknesses  where  the  traffic 
is  very  heavy;  the  plank  rots  more  quickly,  hut  is  not  so  apt  to 
break  through.  If  the  traffic  is  light,  a  sing!<.-  thickness  of  plank 
is  better  and  the  plank  should  not  generally  be  more  than  about 
8  inches  wide.  I  have  so  far  been  aisle  to  iind  no  wood  to  compare 
with  white  oak  for  this  purpose.  Good  white  oak,  however,  is 
becoming  very  scarce  in  this  part  of  the  country. 

For  paving,  asphalt  can  be  used  if  there  are  no  street  car  tracks 
and  the  grade  does  not  exceed  1  or  5  per  cent,  and  the  traffic  is 
heavy  enough  to  keep  the  asphalt  in  good  order.  Asphalt  being  only 
3  inches  thick  is  lighter  than  any  other  paving.  Some  varieties  of 
asphalt  requiring  no  binder  are  only  2  inches  thidc  (the  binder  being 
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1  inch  thick).  If  asphalt  paving  is  used  where  there  are  street 
car  tracks  it  is  generally  best  to  put  a  row  of  stone  blocks  on  each 
side  of  the  rails. 

Where  the  grade  exceeds  4  or  5  per  cent  and  the  traffic  is  very 
heavy,  block  stone  is,  perhaps,  the  only  suitable  material.  Where 
the  traffic  is  light,  brick  may  be  used.  Wood  blocks,  which  are 
better  if  creosotcd,  make  an  excellent  pavement  where  the  grade  is 
not  too  heavy;  they  are  much  lighter  than  brick  or  stone  and 
about  as  durable.  They  will  stand  a  very  heavy  traffic  and  can  be 
used  next  to  street  rails.  All  these  pavements  should  be  laid  on 
concrete  foundations,  which  may  be  reinforced  if  required  to  be  laid 
as  slabs.  Masonry  bridges  should,  of  course,  be  paved  the  same  as 
ordinary   streets. 

The  sidewalks  may  be  built  of  white  oak  planks,  which  should 
be  laid-  crosswise  on  the  bridge  and  about  Yi  inch  apart,  and 
should  be  dressed  to  imiform  thickness.  If  the  spaces  between  them 
are  wider  than  %  inch  people  can  see  through  them  to  the  ground 
or  water  beneath,  and  some  nervous  people  can  not  i»ear  that  If 
the  planks  are  laid  lengthwise  it  is  almost  impossible  to  wheel  a 
baby  carriage  across  the  bridge;  besides,  the  ends  lift- up  and  people 
stumble  over  them.  If  plank  sidewalks  are  laid,  it  is  well  to  protect 
the  curbs  with  steel  angles,  about  4x3x^  inches,  with  the  3-inch 
leg  turned  down  to  form  the  curb  and  the  4-inch  leg  horizontal 
on  top  of  the  sidewalk  plank,  and  secured  to  it  by  ^-inch  lag 
screws  about  2  feet  apart  through  the  horizontal  leg  only.  If  they 
pass  through  the  vertical  leg,  it  is  very  difficult  to  get  the  curb 
angle  loose  to  permit  the  putting  in  of  new  sidewalk  planks  owing 
to  the  fact  that  the  screws  rust  firmly  in  the  oak  plank  in  a  short 

Cement  is  the  best  material  for  sidewalks  with  which  I  am 
acquainted.  It  can  be  laid  as  reinforced  concrete  slabs  faced  with 
mortar,  or  on  buckled  plates.  Asphalt  was  formerly  much  used,  but 
it  is  not  so  durable  as  cement,  costs  aboitt  as  much,  and,  if  any  steel 
work  comes  up  through,  it  contracts  away  from  it,*leaving  a  place 
where  damp  dust  lodges  and  corrodes  the  steel  work  very  rapidly. 
Cement,  on  the  other  hand,  adheres  closely  to  the  steel  and  protects 
it  from  corrosion,  if  the  sidewalk  is  of  cement,  which  seldom 
occurs  except  where  the  roadway  is  paved,  a  eetnent  curb  is  almost 
always  the  best.    It  is  hardly  ever  necessary  to  face  it  with  stecL 
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It  b  very  important  to  thoroughly  drain  the  spandrels  of 
masonry  bridges,  especially  where  they  cross  over  streets.  They 
should  be  drained  by  means  of  pipes  leading  down  through  the 
piers  into  sewers.  The  backing  of  the  arches  should  be  made 
thoroughly  waterproof,  preferably  by  a  coating  of  strong  cement . 
mortar ;  asphalt  is  not  durable  in  such  places,  and  any  leakage  or 
drainage  through  the  haunches  of  an  arch  produces  dirty  icicles  in 
the  winter,  and  unsightly  incrustations  in  summer. 

(Note. — The  writer  wishes  to  say  that  he  believes  some  prep- 
aration that  sinks  into  the  pores  of  the  cement  is  better.  He  has 
used  Szerelmey  Stone  Liquid  for  waterproofing  and  found  it  excel- 
lent. It  is  an  English  preparation,  having  bten  on  the  market  fifty 
or  ra6re  years.) 

The  railing  of  a  bridge  should  be  of  sufficient  height  for  pro- 
tection, but  not  so  high  but  that  a  person  can  readily  see  over  it.  It 
is  sometimes  well  to  incline  it  considerably  inward  at  the  top  to 
prevent  children  from  climbing  over  it,  or  it  may  be  well  to  make 
the  body  of  the  railing  of  vertical  parallel  bars  for  the  same  reason. 
There  should  be  no  openings  larger  than  about  6  inches  wide,  other- 
wise small  children  might  crawl  through.  If  a  stone  tailing  is  built 
the  same  rule  should  be  observed  as  to  openings,  and  the  projecting 
coping  at  the  top  will  prevent  children  climbing  over  it;  the  inside 
should  be  dressed  so  as  not  to  injure  the  clothing  of  pedestrians; 
it  is  .well  to  finish  the  top  with  a  slope  of  about  30  degrees  so  boys 
can  not  walk  on  it.  All  railings,  of  course,  should  be  of  tasteful 
design,  and  not  only  be,  but  also  look,  substantial.  Although  very 
often  done,  it  ia  seldcHn  necessary  to  put  a  railing  on  the  curb  line; 
its  principal  service  there  generally  is  to  furnish  a  roasting  place 
for  loafers. 

SURVEYS  AND  RESURVEYS. 

Many  of  our  towns  have  been  settled  so  long  and  there  has 
been  so  little  care  exercised  in  preserving  monuments  that  Ihe 
original  stakes  have  disappeared  and  a  "happy-go-lucky"  way  of 
establishing  lines  for  fences  and  buildings  has  crept  in  which  leads 
to  trouhle  between  neighbors.  Sometimes  the  trouble  flares  out 
and  the  whole  town  is  stirred  from  center  to  circumference  over  the 
matter  and  the  merits  and  demerits  of  various  surveyors  discussed 
with  acrimony.    It  is  apt  to  get  to  such  a  pass  that  it  is  impossible 
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to  relocate  the  original  lines  with  certainty.  The  long;.-  such  a 
state  of  affairs  continues  the  worse  the  confusion  and  the  prospect 
of  costly  law  suits  are  promising  at  some  future  time  when  land 
has  increased  considerably  in  value. 

The  causes  for  such  a  state  of  affairs  are  many.  Sometimes  Che 
original  survey  was  faulty.  This  is  often  the  case,  for  the  original 
survey  was  made  when  land  was  cheap,  with  imperfect  instruments 
and  by  careless  methods;  sometimes  by  men  illy  trained.  When 
the  original  stakes  disappeared  surveyors  coming  after  who  were 
called  upon  to  survey  a  lot  had  to  start  from  some  fence  comer  or 
building  claimed  to  be  correct  by  some  and  the  correctness  of  which 
was  denied  by  others.  If  these  surveycts  had  been  commissioned  to 
survey  the  whole  town  and  their  records  kept  carefully  the  troubles 
would  not  be  so  great  But  the  surveys  were  isolated  ones  made 
at  a  cost  satisfactory  to  the  lot  owner  and  the  price  seldom  large 
enough  to  enable  a  man  to  do  all  the  work  that  was  really  neces- 
sary to  do  a  correct  job.  When  the  owners  between  the  later  re- 
surveys  finally  get  pinched  there  is  trouble. 

When  the  need  of  some  proper  definition  of  boundaries  is 
realized  and  a  complete  re-survey  decided  upon,  it  should  be  made 
by  a  competent  engineer  who  has  had  previous  experience  in  that 
class  of  work  and  who  has  some  legal  knowledge.  For  his  work 
must  be  done  so  if  courts  and  juries  follow  over  the  lines  they  will 
say  it  has  been  as  well  done  as  it  possibly  could  be.  It  is  a  risky 
think  to  disturb  long  established  possession  and  only  the  most  con- 
scientious and  careful  work  will  do. 

An  axiom  in  settling  disputes  over  lines  is  that  monuments 
govern  distances  and  distances  govern  bearings.  Such  decisions 
were  given  in  former  days  when  compass  lines  were  so  often  run 
and  there  was  known  10  be  errors  in  that  class  of  work. .  This 
setting  of  a  monument  was  something  any  man  could  do  and  it 
was  supposed  almost  any  one  could  measure  a  line  as  he  wished, 
but  the  turning  of  angles  was  a  mailer  requiring  skill  and  in  matters 
of  skill  men  often  make  mistakes.  It  is  now  conceded,  however, 
that  with  the  modern  methods  of  laying  out  work  the  measuring  of 
a  line  is  a  more  skillful  matter  than  the  turning  and  reading  of  an 
angle  and  later  decisions  give  the  proper  weight  to  both  operations. 
Although  there  has  been  a  change  in  that  respect,  there  has  been 
none  respecting  monuments  and  they  must  govern  above  every- 
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thing — unless  positive  proof  can  Ije  given  that  they  have  been 
altered  or  changed  in  location.  Of  several  calls  in  a  description 
the  certain  govern  the  uncertain,  even  to  the  rejection  of  the  uncer- 
tain. When  a  town  has  been  laid  off  without  any  permanent  monu- 
ments and  the  original  stakes  have  rotted  and  disappeared  the  sur- 
veyor who  comes  in  and  tries  to  lay  off  thai  town  mathematically 
without  paying  proper  attention  to  long  established  possession  is 
foolish.  Each  block  has  to  be  treated  by  itself  and  the  surveyor 
must  recognize  what  he  terms  inaccuracies.  The  city  of  course  is 
entitled  to  the  full  street  width,  but  it  is  doubtful  if  any  buildings 
can  be  removed  from  the  street  if  they  are  not  an  obstruction.  They 
can  be  permilted  to  remain  until  they  become  a  nuisance  or  until 
rebuilt,  when  the  city  can  assert  its  claim  to  the  portion  of  street 
they  occupied.     Rights  never  run  against  the  public. 

A  re-survey  made  under  such  circumstances  often  gives  crooked 
streets  of  varying  width,  where  the  original  plat  showed  a  straight 
street  of  even  width,  but  if  none  of  the  points  can  be  positively 
identified  then  it  is  impossible  to  lay  the  place  off  as  it  was  claimed 
to  be  first  laid  oB.  The  only  way  to  prevent  a  recurrence  of  expense 
and  trouble  is  to  linally  and  definitely  fix  the  lines  by  permanent 
monuments,  well  identified,  and  record  the  maps.  If  the  town 
has  been  mixiumented  and  the  buildings  have  been  put  up  withotit 
surveys  there  is  no  doubt  that  they  must  come  to  the  right  lines,  as 
the  monuments  govern,  and  if  in  existence  at  the  time  the  buildings 
were  erected  there  could  be  no  excuse  for  not  building  exactly  on 
the  proper  lines.  Because  the  original  owner  was  too  stingy  to 
employ  a  surveyor  be  should  not  be  allowed  to  unsettle  the  lines 
of  a  whole  neighborhood. 

All  subdivisions  of  land  within  the  town  limits  should  be  sub- 
ject to  the  approval  of  the  Council  before  the  plats  are  filed.  The 
Council  should  prescribe  the  maximum  and  minimum  grades,  the  - 
direction  of  the  lines  and  the  width  of  the  streets.  When  the  owner 
submits  his  plats  for  the  approval  of  the  Council  they  should  show 
proper  connections  with  adjacent  city  monuments  and  show  monu- 
ments at  all  street  intersections  and  changes  of  direction.  The 
elevation  of  all  comers  above  city  base  should  be  also  shown  in 
red  ink. 

In  laying  out  land  into  additions  to  cities  it  is  common  for 
streets  to  intersect  so  there  are  many  triangular  lots.     These  gore 
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lota  should  not  be  left  to  private  ownership,  for  they  are  seldom 
built  upon  properly.  There  should  be  an  ordinance  passed  provid- 
ing that  gore  blocks  shall  have  no  lots  with  acute  angles  and  that 
lots  at  the  acute  end  of  a  gore  block  should  have  a  frontage  at  the 
end  of  not  less  than  twenty  feel.  The  point  thus  cut  oS  the  lot 
to  be  added  to  the  street  intersection. 

Such  a  provision  will  give  the  city  a  great  deal  of  space  that 
can  be  improved  in  a  way  that  will  enhance  the  appearance  of  the 
streets.  The  ordinance  should  provide  also  that  the  city  can  park 
or  otherwise  improve  with  statuary,  fountains,  etc.,  any  part  of  the 
intersection  space  thus  added  to  the  natural  intersection  space  made 
by  the  junction  of  the  two  streets.  The  ordinance  should  also  pro- 
vide that  in  districts  where  the  roads  are  curved  or  practically  laid 
out  on  contour  grades  that  angular  lots  shall  have  no  acute  angles, 
but  that  where  otherwise  an  acute  angle  would  come  the  street 
lines  of  the  intersecting  streets  shall  be  joined  with  a  curve  of 
twenty-five  feet  radius. 

While  some  greedy  land  owners  may  object,  the  ultimate 
beneht  is  so  great  that  it  helps  the  value  of  the  property. 

The  writer  once  prepared  an  ordinance  tor  the  governing  of 
additions  to  towns  and  cities,  but  could  not  get  the  city  council  to 
adopt  it.  He  believes  it  would  be  a  good  ordinance  to  adopt,  for 
the  rectangular  system  of  street  layouts  has  been  overdone  in  the 
United  States. 

Every  city  should  have  a  civic  center  and  there  should  be  radiat- 
ing streets  ior  convenience  in  going  from  one  part  of  the  city 
to  the  other  as  well  as  for  beauty.  In  many  places  no  improvements 
can  be  made  in  the  layout,  at  an  expense  within  the  present  reach  of 
the  people,  but  the  laying  out  of  additions  to  the  city  can  he  regulated 
and  in  future  years  when  the  city  is  rich  enough  to  condemn  prop- 
erly to  make  new  streets  and  avenues  there  will  be  a  comparatively 
small  area  to  deal  with. 

ORDINANCE  NO 

An  Ordinance  to  Regulate  the  Subdivision  of 

Lands  within  the  Corporate  Limits  of  

and  to  Govern  the  Laying  Out  of  New  Additions 
to  Said  City. 

The   City    Council   of    does 

ordain  as  follows : 
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Section  1.  No  street,  alley,  lane,  avenue, 
thoroughfare  or  public  highway  shall  hereafter 
be  adopted  to  be  placed  upon  the  official  m;^ 

of  the  City  of    or  recognized  as 

existent  as  other  than  a  private  thoroughfare 
in  said  City  except  the  plat  of  such  shall  have 
been  first  submitted  to  the  City  Council  of  said 
City  for  adoption  as  a  public  street,  lane,  alley, 
avenue,  thoroughfare  or  public  highway  and  none 
shall  be  so  adopted  unless  in  the  plaiting  the  sec- 
tions of  this  ordinance  hereinafter  follouang  shall 
have  been  fully  complied  with,  and  tor  reference 
all  such  shall  be  hereinafter  designated  as  roads. 

SecTiON  2,  All  acre  property  Mfithin  the  cor- 
porate limits  shall  be  and  is  subject  to  the  re- 
quirements of  this  ordinance. 

Sectios  3.  No  additions  to  said  City  now 
outside  the  present  corporate  limits  shall  be 
received  within  the  corporate  limits  by  extensior 
of  said  limits  to  include  same  unless  all  roads 
therein  conform  to  the  requirements  of  this  ordi- 
nance. Provided,  however,  that  nothing  herein 
contained  shall  prevent  them  being  considered  aa 
private  roads  and  omitted  from  all  official  maps 
and  from  all  consideration  in  public  improve- 
ments. 

Section  4.  No  cuts  shall  exc«d  twenty  feet 
in  depth  to  allow  roads  to  be  constructed  on  a 
grade  of  five  per  cent  and  no  fills  shall  exceed 
twenty  feet  to  permit  roads  to  be  constructed  on 
a  grade  of  five  per  cent,  except  that  cuts  and 
fills  on  sidehill  roads  are  not  limited  as  to  height 
and  depth  to  permit  roads  to  be  constructed  to  a 
grade   of  five   per   cent. 

Section  5.  Where  roads  can  be  laid  out  on 
a  maximum  grade  of  five  per  cent  and  the  depths 
of  cuts  and  fills  to  obtain  said  grade  shall  not 
exceed  ten  feet  the  land  shall  be  laid  out  on  the 
rectangular  system. 

Section  8.  Where  the  requirements  of  Sec- 
tion S  can  not  be  fully  complied  with  the  roads 
shall  be  laid  out  in  the  most  practicable  manner 
to  accomplisb  the  desired  result  as  to  maximum 
grade,  which  shall  not  exceed  a  limit  to  be  fixed 
in  each  case  by  the  City  Council, 

Section  7.  Main  roads  shall  be  100  feet  wide 
and  shall   follow  the  section  lines  as  nearly  as 
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practicable,  each  section  giving  one-half  of  the 
said  road. 

Section  s.  Secondary  roads  shall  be  not  less 
than  seventy  feet  wide  and  shall  go  through  the 
centers  of  the  sections  as  nearly  as  practicable. 

Section  9.  Only  main  and  secondary  roads 
shall  be  laid  out  on  north  and  south  and  east 
and  west  lines,  all  other  roads  in  the  subdivision 
to  be  laid  off  at  an  angle  of  approximately  forty- 
five  degrees  with  said  main  and  secondary  roads. 

SECTgJN  10.  The  subdivision  of  the  prop- 
erty shall  he  made  as  though  the  main  and  sec- 
ondary roads  did  not  exist  and  shall  be  laid  over 
same  so  that  they  shall  be  cut  at  an  angle  through 
the  said  subdivision.  In  the  subdivision  no  roads 
shall  be  less  than  fifty  feet  wide  and  no  alley 
shall  be  less  than  fifteen  feet  wide.  There  shall 
be  an  alley  through  the  length  of  every  block. 
No  blocks  shall  be  longer  than  seven  hundred 
feet  and  the  least  depth  of  lots  for  building  pur- 
poses between  road  and  alley  lines  bounding  same 
shall  be  one  hundred  and  twenty-five  feet 

Section  11.  Where  acute  angles  would  occur 
by  reason  of  the  joining  of  two  straight  roads  the 
angle  shall  be  cut  off  and  added  to  the  road 
intersection  by  an  isoeeles  triangle  with  a  base  for 
building  front  of  twenty-five  feet.  Where  two 
curved  contour  roads  meet  with  an  acute  angle 
the  side  lines  shall  be  joined  with  a  circular  curve 
having  a  radius  of  twenty-five  feet,  joining  the 
said  side  lines  on  tangents,  the  additional  space 
thus  made   being   added  to  the   said   road   inter- 

Section  12.  When  by  reason  of  the  joining 
of  roads  at  acute  angles  the  projection  of  the 
side  tines  would  leave  islands  in  the  intersections 
having  any  frontage  of  less  than  fifty  feet,  said 
island  shall  be  the  property  of  the  public  to  be 
added  to  the  said  road  intersection  or  to  be  im- 
proved as  a  parking  or  place  for  statuary,  but 
not  for  buildings  having  walls  and  roofs. 

Section  13.  When  by  reason  of  the  laying 
out  of  main  roads  to  a  grade  of  not  to  exceed 
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grades  provided  they  are  of  such  width  that  a  zig- 
zag roadway  twenty  feel  wide  may  be  constructed 
within  said  width  with  a  grade  not  to  exceed 
seven  per  cent. 

Section  14,  No  main  or  secondary  road  shglt 
have  a  grade  to  exceed  five  per  cent,  but  shall 
be  deflected  where  necessary  in  order  to  maintain 
that  maximum  within  the  limits  of  cut  and  511 
provided  in  this  ordinance. 

Etc.,  etc,  etc 

EVALUATION    OF   OLD   PLANTS. 

There  comes  a  time  in  the  history  of  almost  every  place  when 
the  idea  of  purchasing  an  existing  plant  has  to  be  considered.  At 
such  a  time  the  wisest  course  is  to  send  for  an  outside  compe'tent 
man  to  make  an  estimate  of  the  proper  price  to  be  paid. 

There  are  three  values  to  an  old  plant  of  a  private  company: 
First — The  value  to  the  company  as  an  investment.  Second— The 
value  of  the  plant  by  reason  of  the  material  in  it.  Third — The 
value  of  the  plant  to  the  community.  This  third  value  may  be  neariy 
what  the  company  places  as  the  income  producing  value,  and  again, 
it  may  be  far  lower  than  the  actual  value  of  the  material  in  the 
plant  The  value  to  the  community  depends  upon  the  efficiency  of 
the  plant.  If  it  has  been  well  designed  and  cared  for  and  all 
extensions  made  have  been  under  the  direction  and  with  the 
approval  of  the  council,  or  board  of  public  works,  then  the  people 
may  pay  the  price  the  company  asfcs.  Otherwise  there  is  a  serious 
economic  loss  possible  by  reason  of  the  duplication  of  an  already 
efficient  machine.  But  if  the  plant  has  not  been  well  designed  and 
the  extensions  show  that  a  niggardly  policy  has  been  pursued  and 
there  is  evident  a  lack  of  judgment  in  the  management  of  many  of 
the  small  though  important  details  it  is  possible  the  people  have 
no  system  to  purchase;  it  is  simply  a  plant  and  a  poor  one.  It  may 
happen  the  plant  can  be  taken  at  a  proper  valuation  and  remodeled 
to  do  all  the  work  required  of  it  at  a  less  cost  than  an  entirely  new 
plant  would  cost    All  these  are  matters  to  be  determined  at  the 

The  person  employed  to  examine  the  plant  has  first  to  deter- 
mine, as  near  as  can  be,  the  ordinal  cost.  To  this  he  must  add 
the  cost  of  all  extensions.    He  must  ascertain  the  exact  indebted-. 


ovGoo^lc 


■am  ENGINEERING    WORK. 

ness  of  the  company  and  ihe  state  of  the  indebtedness.  The 
yearly  interest  charge  and  cost  of  operation.  The  revenue 
from  private  consumers  and  the  revenue  from  the  city.  The  life 
of  the  franchise  and  the  length  of  lite  left  in  all  existing  contracts, 
if  any.  And  generally,  the  value  of  the  plant  to  the  community, 
the  general  features  of  design,  the  present  condition,  and  cost  of 
making  it  adequate  to  serve  Ihe  town  if  purchased.  The  value  of 
the  material  should  also  appear,  hut  it  is  not  of  such  importance 
as  the  other  items,  for  the  deterioration  must  be  naturally  an  esti- 
mate for  much  of  the  plant. 

With  such  information  liefore  them  the  people  can  act  intelli- 
gently when  it  comes  to  voting  on  bonds.  The  embarrassing  features 
of  a  purchase  by  the  city  are  the  value  to  place  on  any  existing 
long  term  contracts  the  city  may  have  with  the  company,  and  whether 
the  city  should  pay  anything  for  the  franchise  right,  which  has 
been  obtained  from  the  city.    These  questiot:s  require  expert  advice, 

MUNICIPAL  OWNERSHIP. 

The  writer  has  not  changed  his  ideas  on  the  subject  of  mu- 
nicipal ownership  in  the  United  States  since  he  first  declared  him- 
self thirteen  years  ago.  In  this  book  he  does  not  intend  to  argue 
the  question,  for  it  has  no  place  in  such  a  book. 

Municipal  ownership  of  water  works  is  almost  a  necessity, 
regardless  of  administrative  defects,  for  the  supply  of  water  is  then 
under  absolute  control  of  the  citizens  so  long  as  they  have  any 
bonding  ability  left.  A  private  company  does  not  always  afford  the 
fire  protection  heeded,  although  a  fair  showing  of  plants  will  possi- 
bly reveal  that  under  private  ownership  there  are  more  purification 
plants  than  under  municipal  ownership. 

The  hope  of  saving  should  not  influence  in  the  public  owner- 
ship of  waterworks,  for  sometimes  it  is  so  expensive  a  luxury  that 
although  taxes,  interest  and  profits  are  not  considered  in  the  items 
of  expense  attendant  upon  operation,  the  people  are  extremely 
likely  to  pay  more  for  their  water  than  the  private  company  charges. 

In  general  the  items  of  expense  entering  into  the  operation  of 
a  municipal  plant  will  be  the  same  as  those  entering  into  the  opera- 
tion of  a  private  plant.  However,  it  is  not  best  to  figure  on  any 
profit,  for  the  business  is  a  co-operative  enterprise  and  the  product 
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should  be  sold  at  cost.  Taxes  can  not  be  figured  in  oo  a  public 
plant,  but  insurance  must  be.  The  interest  ard  sinking  fund  on 
the  bonds  should  be  charged  as  an  item  of  expense,  but  no  interest 
charged  on  the  investment  after  the  bonds  are  paid  up.  The  money 
is  permanently  invested.  It  is  not  right  either  to  figure  into  the 
cost  of  operation  a  fund  to  provide  for  future  extensions.  These 
will  be  met  by  the  future  residents  when  needed.  As  ll:e  noted 
Irish  member  of  parliament  said,  "E>o  not  be  so  careful  to  take 
care  of  posterity.  It  has  done  nothing  for  us  and  our  grandfathers 
let  ns  paddle  our  own  canoe."  Every  thinking  man  realizes  that  it 
is  not  well  to  tax  ourselves  in  this  generation  for  the  whole  cost 
of  an  enterprise  which  will  benefit  (he  next  generation  as  well. 

It  is  proposed  also  that  all  annual  extension  work  should  be 
borne  by  general  taxation,  for  there  is  a  good  return  to  the  city 
«t  large  and  the  amount  needed  is  difficult  to  estimate  in  figurii:g 
np  expenses  of  operation  for  the  succeeding  year  in  order  to  fix 
charges. 

So  then  we  have  to  consider  as  legitimate  cost  of  running  a 
municipal  plant  the  interest  and  sinking  fund  to  pay  off  the  bonded 
indebtedness,  the  writing  off  each  year  of  the  depreciation,  the 
making  of  repairs,  the  maintenance  of  the  whole  system  and  the 
cost  of  fuel,  labor,  administration,  insurance,  etc 

The  revenue  from  the  works  should  be  from  two  sources ;  gen- 
eral taxation  and  private  consumption.  The  consumers  of  the 
product  should  not  pay  the  entire  expense,  for  they  are  the  pro 
gressive  element  whose  property  has  been  improved.  The  owners  of 
unimproved  prt^erty  should  pay  a  part  of  the  cost.  Every  enter- 
prise of  a  public  nature  in  the  town  increases  the  value  of  all 
property  and  the  unimproved  property  increases  in  value  in  a 
greater  ratio  than  improved  property.  So  if  it  is  a  lighting  plant 
the  city  should  pay  for  its  own  lights  from  general  taxaiion  and 
in  case  of  a  waterworks  plant,  for  the  water  it  uses  or  has  a 
right  to  use. 

This  is  the  true  theory  at  the  bottom  of  l-.ydrant  rental  and 
payment  for  water  for  puLlic  use  when  dealing  with  a  private  com- 
pany. It  is  not  right  to  make  a  contract  at  a  flat  rale  with  a  water 
company  for  hydrants  for  a  ttrm  of  years.  The  council  should 
annually  get   all   the   information   regarding  cost   of   the  company's 
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plant,  cost  of  operation  and  the  revenue  for  the  year  past.  Then 
fix  the  rates  on  an  e]uitable  basis  for  the  consumers  of  water  and 
guarantee  lo  the  water  company  a  proper  return  on  its  invest- 
ment by  making  up  the  deficiency  by  the  payment  of  an  annual 
sum  on  account  of  general  benefit,  fire   protection   and  public  use. 

In  return  for  this  require  the  water  company  to  put  in  hy- 
drants whenever  and  wherever  ordered  by  the  city,  the  sura  of 
money  paid  by  the  city  being  independent  of  the  number  of  hy- 
drants. The  city  should  own  the  hydrants  and  pay  for  their 
erection,  connection  with  the  water  mains  and  maintenance.  It  is 
a  Rrave  mistake  to  pay  a  certain  sura  per  month  or  year  for  each 
hydrant,  as  it  operates  to  keep  many  districts  out  of  the  reach 
of  fire  protection  because  of  the  increased  cost  of  extra  hydrants. 
Yet  the  people  in  these  districts  have  their  share  of  the  taxes  to 
pay  for  fire  protection,  general  benefits  and  public  use  of  water. 

The  tax  rates  in  badly  governed  cities  and  also  in  cities  owning 
all  sorts  of  public  utilities  are  high.  Care  must  be  taken  that  in 
owning  public  utilities  the  bonded  indebtedness  and  the  consequent 
tax  rates  do  not  become  too  much  of  a  burden.  In  shifting  from 
indirect  to  direct  taxation  there  b  not  always  economy.  It  may 
be  that  the  opponents  of  municipal  ownership  on  general  principles 
may  be  correct  and  that  wise  laws  well  and  intelligently  enforced 
are  better  than  municipal  ownership. 

FRANCHISES. 

Upon  the  subject  of  municipal  control  volumes  could  be  writ- 
ten. It  is  best  for  any  small  place  having  applications  for  fran- 
chises for  street  car  lines,  telephones,  electric  lighting,  gas  lighting 
etc.,  to  employ  some  competent  person  to  prepare  the  terms  on 
wliich  the  franchise  will  be  granted  and  then  advertise  the  fran- 
cliise  under  these  terms  for  sale  to  the  highest  bidder.  The  in- 
numerable details  can  hardly  be  touched  upon  here,  and  new  fea- 
tures become  known  daily. 

SINKING  FUNDS. 
Two  tables,  or  rather  une  (able  in  two  parts,  here  given,  will 
help  Jn  the  calculation  of  sinking  funds. 
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The  first  shows  the  annual  payment  per  dollar  invested  to  re- 
pay the  original  outlay  at  the  end  of  a  given  number  of  years. 

The  following  example  shows  how  it  is  used.  A  given  equip- 
ment of  machinery,  costing  $25,000,  Is  estimated  to  have  a  useful 
life  of  fourteen  years.  At  the  end  of  that  time  it  will  have  a  scrap 
value  of  $1,000,  The  money  earned  by  the  plant  receives  interest 
at  4  per  cent,  payable  annually.  What  annual  charge  must  be  made 
to  extinguish   the  principal  by  the  time  the  machinery  must  be 
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renewed?  The  sum  to  be  made  up  is  $25,000— $1,000= $31,000  in 
fourteen  years.  The  first  part  of  ttie  table  gives  for  fourteen  yeari 
and  i  per  cent,  the  payment  $0,5467  per  doliar.  The  annual  depre- 
ciation debit  is,  therefore,  $a4,O0Ox.O5467^$l,3l2.GB.  In  addition 
to  this,  of  course,  interest  must  be  paid  on  the  $35,000  investment ; 
the  rate  of  interest  is  not  necessarily  the  same  as  the  4  per  cent 
above  used,  since  it  depends  on  the  conditions  under  which  the 
capital  was  borrowed. 

The  second  pari  of  the  table  gives  ihe  term  of  amortisation 
or  "life  of  plant"  for  various  percentages  of  depreciation  and 
various  rates  of  interest.  The  following  example  shows  how  it  is 
used.  A  system  of  water  pipes  for  city  distribution  cost  $125,000. 
Besides  the  interest  on  the  bonds,  the  system  is  charged  annually 
with  $2,500  (3  per  cent)  depreciation.  In  what  time  will  the  sum 
thus  accumulated,  earning  5  per  cent  interest,  paid  annually,  be 
sufficient  to  pay  for  the  bonds  at  par?  From  the  second  part  of 
the  latle  we  find,  for  2  per  cent  depreciation  and  5  per  cent  in- 
terest, the  figure  25.68  years.  This  represenls  the  time  required  to 
wipe  out  the  debt  at  par.  If  there  has  been,  for  example,  a  premium 
o£  4  per  cent  paid,  there  requires  to  be  paid  back  104  per  cent,  and 
for  this  the  table  does  not  suffice  directly.  This  part  of  the  ques- 
tion is  taken  up  in  the  chapter  on  Engineering  Data,  for  it  re- 
quires  a  knowledge  of  mathematics  and  tlie  use  of  logarithms,  so 
an  engineer  is  a  good  person  to  call  upon  to  figure  the  matter. 

The  tables  are  copieJ  from  those  printed  and  distributed  by 
Messrs,  Charles  C.  Moore  &  Co..  Engineers,  of  San  Francisco, 
Cal ,  and  printed  in  Engineering  Nezis  March  2,  1905,  from  which 
the  above  descriptions  of  use  were  taken. 
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CHAPTER  XL 
OFFICE  SYSTEMS. 


In  the  following  chapter  a  method  for  keeping  records  and 
doing  office  work  in  sinall  places  is  given.  This  present  chapter 
describes  systems  in  use  in  several  offices  of  city  engineers  and 
engineers  in  private  practice. 

The  following  report  printed  in  the  Report  of  the  Twenty-fifth 
and  Twenty-sixth  Annual  Meetings  of  the  Ohio  Engineering  Society 
is  valuable : 


To  the  Officers  and  Members  of  the  Ohio  Society  of  Surveyors  and 

Civil  Engineers : 

Gentlemen — Your  Special  Committee  on  Filing  and  Indexing 
plans,  note-bocJcs,  etc,  beg  leave  to  report  as  follows  i 

The  chief  object  of  a  systematic  method  of  filing  and  indexing 
office  information  is  to  afford  those  connected  with  the  office  a  quick 
and  certain  means  of  consulting  such  information  whenever  it  is    ' 
needed.    Simplicity  is  therefore  one  of  the  most  important  considera- 

The  following  description  of  the  admirable  system  of  filing 
and  indexing  plats,  used  in  the  City  Engineer's  office  of  Providence, 
R.  I.,  was  written  by  Mr.  Otis  F.  Clapp  and  printed  in  the  Journal 
of  the  Association  of  Engineering  Societies,  Vol.  XIH  (1R94), 
page  561. 

Every  plan,  as  soon  as  it  is  made,  or  if  its  preparation  is  to 
take  long,  as  soon  as  it  is  begun,  is  entered  in  a  day  book,  in  which 
the  lines  are  numbered  from  01  up.  These  day  book  numbers 
represent  the  total  number  of  pbris  made  in  the  office,  of  whatever 
kind,  for  whatever  purpose,  or  by  whatever  department.  The  num- 
bers are  printed  on  the  left  hand  side  of  the  book.  On  the  right  the 
two  pages  are  ruled  in  columns  with  the  following  headings :  Drawer 
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and  sheet  number;  title;  made  for;  date;  scale;  kind  of  paper;  si/e 
of  sheet ;  field  book  and  page;  computation  book  and  page ;  ofKce  num- 
ber;  field  work  bj ;  platted  by;  drawn  or  copied  by;  receipted  by;  re- 
marks. The  last  named  column  usually  gives  the  day-book  number  of 
the  plan  copied  from.  Care  is  taken  to  have  the  first  word  of  the 
description  the  most  prominent  word  of  the  title,  as  the  name 
of  the  slreel  of  which  the  plan  forms  a  part,  or  the  name  by  which 
the  plan  will  be  most  easily  recognized  or  thought  of  when  wanted. 
Then  follows  a  short  and  comprehensive  description  of  what  the 
plan  represents,  stating  whether  it  is  prepared  for  ofiice  use,  or  for 
what   cwnmitlee   or  purpose. 


The  assistant  who  indexes  the  plan,  having  first  determined 
in  what  drawer  it  should  be  placed,  gets  from  the  engineer's  clerk 
the  "office  number,"  which  represents  the  number  of  plans  actually 
on  lile  in  the  ofiice,  regardless  of  departments,  and  also  the  last 
sheet  number  for  the  drawer  in  which  he  intends  to  file  the  plan. 
For  (his  purpose  the  clerk  keeps  two  books,  one,  called  the  "Index 
Drawer  Number"  book,  containing  the  siheet  number  and  offifc 
number:  the  other,  called  the  "Index  Office  Number"  book,  con- 
taining rhe  oMce  number,  drawer  number,  sheet  number  and  day 
book  number  for  each  plan  Indexed,  placed  in  the  order  of  ofiice 
numbers. 

The  clerk's  duty  is  to  keep  the  work  posted  up  to  date.  If  he 
does  so,  he  can  tell  the  last  office  or  sheet  number  used  in  every 
drawer  in  the  office,  and  thus  prevent  the  duplicating  of  numbers, 
which  might  happen  if  the  last  previously  indexed  should  be  miss- 
ing from  its  place. 
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Having  thus  obtained  the  day  book,  office,  drawer  and  sheet 
numbers,  he  proceeds  Co  stamp  the  plan.  Each  department  has 
what  Is  called  a  "Department  Stamp,"  and  the  clerk  has  one  called 
the   "Miscellaneous   Department   Stamp." 

These  stamps  read:     Providence,  R.  I,  City  Engineer's  Office, 

'  Department,  and  each  has  a  line  for 

the  date  and  one  for  the  day  book  number.  This  stamp  is  placed 
at  the  upper  right  hand  corner  of  the  sheet. 

Another  stamp,  called  the  Office  Stamp,  and  containing  the 
office  number,  drawer  number  and  sheet  number,  is  placed  at  the 
right  hand  lower  corner  of  the  sheet  so  as  to  be  easily  seen  on 
opening  a  drawer. 

The  plan  is  next  indexed  in  the  "Department  Index,"  each 
dqiartment  having  an-  index  for  its  own  plans,  giving  the  day  book, 
drawer  and  sheet  numbers,  the  title  or  name  as  entered  in  the 
day  book,  the  kind  of  paper  and  the  office  number. 

The  engineer's  clerk  posts  the  entries  from  the  day  book  into 
a  "General  Index"  under  the  name  used  in  the  day  book  (a  street 
name,  if  possible),  thus  collecting  together  information  concerning 
the  location,  etc.,  of  all  plans  made  for  whatever  purpose  on  that 
street  or  under  that  name. 

On  the  first  day  of  January,  1905,  0335S2  day  book  numbers 
had  been  used,  while  on  the  same  date  the  last  office  number  used 
was  16,9S9.  The  difference  of  16,593  represents  the  number  of  plans, 
copies,  tracings  or  sketches  made  for  committees  or  for  construc- 
tion, worn  out  or  lost,  etc., 

When  a  plan  on  file  in  the  office  is  wanted  outside  of  the  office, 
the  party  taking  it  must  sign  a  receipt  for  it,  and  this  receipt  is 
given  up  when  the  plan  is  returned.  A  record  is  also  kept  of  such 
plans  as  are  furnished  and  are  not  expected  to  be  returned. 

Hartford,  Conn.,  and  other  eastern  cities  have  adopted  this 
system  without  change,  and  as  it  has  stood  the  test  of  tiine  in  the 
city  where  it  originated,  there  does  not  seem  to  be  any  need  of 
changes.    It  is  nearer  perfection  than  any  other  system  that  I  know. 

The  only  criticism  to  be  offered  against  it  as  used  in  Provi- 
dence is  the  absence  of  the  card  index. 

In  Columbus  we  have  found  that  the  card  index  has  become 
an  almost  indispensible  adjunct  to  our  system  of  filing  plats  and 
pote-books.     Book   indexes   outgrow   themselves   or   wear  out,   and 
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have  to  be  copied  periodically,  but  the  card  index  goes  on  forever, 
because  it  is  elastic  and  little  subject  to   wear. 

All  of  our  drawings  are  of  standard  sizes,  being  multiples  of 
7>^  and  10  inches.  All  plats  are  laid  flat  in  shallow  drawers,  desig- 
nated by  the  letters  of  the  alphabet.  The  drawers  are  32x42  inches 
in  size,  and  as  many  as  necessary  divided  into  compartments  for 
sheets  7^^x10,  10x15,  lSx20  and  20x30. 

The  sheets  in  each  drawer  are  numbered  from  1  up.  Generally 
100  sheets  in  sets  of  10,  held  in  folded  detail  paper  of  the  same 
size  as  the  plats,  are  placed  in  each  compartment,  so  that  the  number 
of  plats  filed  in  a  drawer  is  equal  to  the  number  of  compartments 
multiplied  by  100. 

The  method  of  indexing  does  not  materially  differ  from  thai 
used  at  Providence,  but  the  day  book  is  dispensed  with,  and  each 
plat  is  indexed  in  the  office  index  only. 

Plats  are  cross-indexed  under  various  heads,  so  that  John 
Smith's  private  sewer  in  the  alley  west  of  High  street,  would  be 
indexed  under  Smith,  High  street,  and  Wall  street,  the  name  of  the 
alley  west. 

All  improvements  in  alleys  are  indexed  under  the  name  of  the 
nearest  street  east  or  south  of  the  same,  and  if  they  have  names 
they  are  indexed  under  these  also. 

When  a  plat  is  indexed  under  more  than  one  head,  sufficient 
notation  is  placed  on  each  card,  that  all  of  the  other  cards  can  be 
readily  found,  so  that  when  a  plat  is  destroyed  or  lost,  all  of  the 
cards  can  be  withdrawn.  Thus  the  card  index  is  always  up  to 
date,  without  any  dead  timber,  giving  exactly  what  exists  in  the 
office  at  all  times. 

Field  note  books  are  numbered  from  1  upward  and  filed  in 
accessible  cases.  All  books  have  index  sheets  inserted  in  the  back, 
and  the  notes  are  indexed  alphabetically  when  the  book  is  full. 
The  notes  are  also  indexed  on  Ihe  card  system,  so  that  the  book  and 
page  number  of  any  survey  can  be  found  without  trouble. 

We  are  of  the  opinion  that  the  Providence  system  of  filing  and 
indexing  plats  has  no  superior,  and  recommend  its  use  in  all  engi- 
neers* offices,  as  it  is  comprehensive  in  its  construction,  yet  simple 
in  its  application,  and  gives  a  complete  history  of  every  plat  made, 
whether  filed  or  not,  and  if  filed,  a  certain  means  of  finding  it 
when  wanted.  F.   A.  Kemmler, 

Chairman  Committee  on  Filing  and  Indexing. 
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In  the  same  volume  of  proceedings  Mr.  W.  H.  Sieverling,  city 
engineer  of  Springtield,  OhJu,  had  the  following  to  say  about  hi; 
method  of  keeping  records : 

I  will  briefly  outline  the  sj'slem  used  in  the  Engineering  De- 
partment of  the  City  of  Springfield.  Ohio. 

For  convenience  sake,  I  will  divide  and  describe  the  subject 
under  four  distinctive  heads,  vif, : 


First — Filing  and   indexing  of   correspond  en  cc. 
Second — Filing  and  indexing  reports,  survejs,  notes,  deed  de- 
Third — Filing   and  indcxii:g  maps. 
Fourth — Filing  and  indexing  field  books. 

CORKESPONDENCE. 

All  correspondence  received  that  I>ears  on  a  certain  subject  and 
is  of  sufficient  imporlancc  to  keep,  is  given  a  file  number.  This 
number  appears  on  all  the  correspondence  relating  to  this  subject. 
For  instance,  letters  containirg  quotations  or  important  informa- 
tion, concerning  the  building  of  a  bridge  on  Fountain  avenue  across 
Buck  creek,  are  received  from  the  King  Bridge  Company,  the  Can- 
Ion  Bridge  Company  and  the  Toledo  Bridge  Company.  They  are 
given  a  file  number,  say  No,  2^0,  and  recorded  in  the  index  under 
the  letter  "B,"  a?  Bridge  .-cross  Buck  creek  at  Fountain  avenue 
'No.   850;   under   the   letter   "F"   as   Fountain   avenue   bridge  across 
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Buck  creek  No.  350;  under  "C  as  Canton  Bridge  Co,,  Fountain 
avenue  brieve  across  Buck  creek  No.  250;  under  "K"  as  King 
Bridge  Co.,  Fountain  avenue  bridge  across  Buck  creek  No.  250, 
and  under  "T"  as  Toledo  Bridge  Co.,  Fountain  avenue  bridge 
across  Buck  creek  No.  250.  In  answering  correspondence  a  carbon 
copy  or  second  sheet  is  made  of  the  letter.  The  typewritten  letter 
is  copied  in  an  ordinary  letter  book  by  means  of  a  copy  press  and 
indexed  in  its  own  index  and  the  second  sheet  is  attached  Co  the 
correspondence  received  and  placed  in  its  proper  file.  Copying  the 
letter  in  the  copy  book  is  another  check  on  the  index  and  a  quick 
method  of  finding  all  the  correspondence  pertaining  (o  the  given 
subject,  as  each  letter  contains  the  file  number  and  it  is  only  neces- 
sary to  ascertain  this  number  and  take  down  the  given  file.  Indi- 
vidual files  consist  of  a  piece  of  tough  and  rather  thick,  plain, 
manila  paper,  about  a  quarter  of  an  inch  wider  and  about  an  inch 
and  a  half  longer  than  a  sheet  of  typewritten  paper.  The  papers 
are  placed  on  this  sheet  of  paper  and  the  extra  length  folded 
down  across  the  top  and  all  fastened  together  with  any  good  fas- 
tener or  pin.  On  this  folded  lop  margin  is  recorded  the  file  number. 
These  files  are  then  placed  in  a  large  ordinary  file  box,  having  a 
front  that  lifts  up  on  a  cloth  hinge.  The  numbered  edges  are 
toward  the  open  end,  so  that  by  lifting  the  front  and  running  the 
finger  down  along  the  front  edges,  the  desired  file  is  quickly  found. 
F,ach  large  file  box  bears  on  its  front  a  paster,  showing  the  serial 
number  of  the  files  contained  therein;  thus  1  to  100;  100  to  175, 
etc.  The  index  is  an  ordinary  lettered  index  that  can  be  bought 
anywhere,  except  that  it  has  a  removable  cover  and  with  lace 
bindings,  so  that  loose  leaves   may  be  inserted  from  time  to   time. 

REPORTS.    SCRVEV    NOTES,    IIEECI    DESCRIPTIONS.    ETC. 

Reports,  survey  notes,  deed  descriptions,  small  survey  tracings. 
etc.,  are  folded  and  placed  in  flat,  heavy  paper  files  such  as  attorneys 
use  in  tiling  away  court  cases.  Each  file  is  numbered  and  properly 
and  copiously  indexed  hi  a  "Report,  etc,"  index  of  the  same  style 
as  is  used  in  indexing  correspondence.  In  order  that  they  may 
be  kept  clean  and  not  become  scattered,  they  are  then  placed  in  a 
large  pasteboard  file  box  of  the  same  length  and  breadth  but  of 
sufficient  height  to  hold   from   ten   to   twenty-five  or   more   smaller" 
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files.     Each  file  box  bears  on  its  front  a  paster  showing  the  ndin- 
bers   contained    therein. 


All  maps  and  plans  should  be  kept  clean,  flat  if  possible,  and 
free  from  creases  and  folds.  On  account  of  the  varying  sizes,  it 
is  a  hard  matter  to  provide  cases  with  suitable  size  drawers.  We 
have  two  flat  top  cases  56  inches  wide  by  40  inches  deep  liy  43 
inches  high,  each  containing  five  drawers,  size  52  by  36  inches  by 
3  inches  deep  and  four  drawers,  size  22  inches  by  36  inches  by  3 
inches  deep.  In  the  lower  right  hand  corner  of  every  map,  plan 
or  plat  in  a  space  of  one  and  one-half  by  three  inches,  appears  the 
following:      Engineering    Department;    Springfield,    Ohio;    No.. . ; 

Scale. .  ;  Date ;   Surveyed  by   ;   Drawn  by   ;   for 

uniformity's  sake,  a  rubber  stamp  or  stencil  may  be  used.  All  plats 
that  can  be  kept  flat  and  are  not  too  large  are  filed  away  in  the 
drawers.  Each  drawer  is  lettered  and  bears  a  pasler  showing  the 
teller  and  numbers  of  plats  contained  therein;  thus  "A"  1  lo  SO; 
■■B"  RO  lo  190,  etc.  Plats  and  profiles  that  can  not  be  filed  in  draw- 
ers are  rolled  up  and  placed  in  a  wall  case  containing  a  number  of 
compartments  7  inches  high,  6  inches  wide  and  30  inches  deep. 
One  end  of  the  wall  case  contains  compartments  13  inches  high, 
10  inches  wide  and  flfi  inches  deep,  for  very  large  plats.  All  plats 
bear  a  small  paper  tag  Ixtyi  inches,  such  as  are  used  by  mer- 
chants, having  the  number  of  the  plat  on  one  side  and  an  abbrevi- 
ation of  the  title  on  the  other  side.  From  20  to  40  plats  are  placed 
in  each  pigeon  hole.  Each  case  is  lettered  and  the  compartments 
bear  a  paster  as  an  aid  for  finding  the  desired  number  quickly  and 
in.suring  its  return  to  the  proper  compartment.  The  index  is  the 
same  style  as  described  heretofore  and  plats  are  indexed  thus: 
Plan  of  Reservoir— Drawer  A.  No.  37  or  Profile  of  Main  Street 
Sewer,  Case  D,   No.  125. 


Field  books  are  numbered  consecutivelj-.  It  was  the  practice 
to  keep  transit  books  for  surveys  and  level  books  for  levels  and 
grades.  This  necessitated  carrying  two  books  into  the  field  and 
the  practice  has  been  discontinued.  All  survey  notes  and  levels  are 
recorded  in  a  level  book,  as  it  is  of  a  convenient  size.     The  pages 
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of  these  books  are  all  numbered.  Field  books  and  pages  and  the 
bench  mark  elevation  are  recorded  on  each  plat.  The  index  is  of 
the  same  style  as  described  heretofore. 

The  foregoing  method  of  filing  and  indexing  office  records  has 
been  found  satisfaclory.  In  order,  however,  to  make  this  or  any 
other  system  successful,  it  musl:  be  kept  strictly  up  to  date. 


Tn  reply  to  an  inquiry  as  to  proper  methods  (or  keeping  track 
of  maps,  etc.,  in  the  office  of  an  engineer  in  private  practice  the 
writer  and  W.  D.  Sell  of  Charleston,  W,  Va..  replied  in  Engineer- 
ing News  in  March,  lUue, 

Mr.  Sell's  letter  is  here  abridged:  '-[n  numbering  and  desig- 
nating maps  and  plans  the  year,  month  and  day  are  used  for  serial 
numbers;  50733  was  completed  July  33,  1905.  These  numbers  are 
followed  by  letters,  D  is  original  drawing,  T  a  tracing,  M  a  fin- 
ished map.  In  connection  with  these  the  letter  X  is  used.  Pre- 
ceding them  it  indicates  a  copy  made  in  the  office  from  a  source 
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outside  the  office;  succeeding,  a  map  made  outside  the  office.  Thus, 
20T06XT  means  a  tracing  made  July  6,  1902,  from  a  map  supplied 
by  John  Doe;  41102DX  means  a  map  supplied  and  filed  m  the 
office,  made  by  John  Doe. 

Over  half  the  drawings  are  folded  so  as  to  be  placed  in. legal 
cap  filing  boxes,  on  the  hack  of  which  are  the  limiting  {lumbers. 
On  the  tower  right  hand  corner  of  each  folded  map  is  its  number 
and  in  the  lower  left  hand  corner  the  reference  words. 

Maps  that  can  not  be  folded  and  tracings  kept  for  making 
prints  are  filed  in  cloth  covered  telescoping  lubes.  Three  lengths 
are  used,  36,  42  and  46  inch,  which  are  lettered  respectively  A,  B,  to 
A2.  B2,  etc, ;  2A,  2B  to  2A2,  2B2,  etc. ;  3A,  AB  to  3A2,  sB2  etc. 
The  diameters  range  from  2  to  6  inches.  Each  map  filed  in  these 
tubes  bears  the  {etter  of  the  tube  in  which  it  belongs.  It  also  bears 
the  full  title  of  the  finished  drawing  and  words  underscored  indi- 
cating the  cards  utider  which  it  is  indexed. 

A  card  index  is  kept  and  a  blank  book  to  fit  the  card  index 
drawer,  in  which  latter  the  titles  are  entered  chronologically,  the 
same  words  being  underscored.  Some  maps  require  but  one  refer- 
ence, others  more;  usually  it  is  the  name  of  the  party  for  whom 
the  work  was  done  and  the  location.  Then  sometimes  there  are 
special  titles  requiring  indexing,  such  as  Mine  Maps,  City  Lots. 
Culverts,  Foundations,  etc.  On  the  cards  and  in  the  book  the 
references  to  the  tubes  are  in  pencil. 

In  the  book  index  the  titles  are  entered  in  pencil  at  the  time 
the  work  is  done,  and  the  maps  filed  in  the  "unindexed"  tube  or 
file  box.  When  time  is  convenient,  and  at  not  too  long  intervals, 
the  cards  are  made  out  and  filed,  the  penciling  is  inked,  and  the 
maps  properly  placed. 

Each  tube  will  hold  a  number  of  maps,  hut  too  many  in  one  ■ 
tube  make  it  troublesome.  About  once  a  year  the  tubes  are  over- 
hauled and  many  maps  are  folded  and  filed  away  in  the  boxes." 

The  writer  gives  here  his  own  letter  in  full.  It  is  believed  the 
majority  of  men  holding  office  as  engineers  in  small  cities  and 
towns  are  engaged  ir  private  practice,  the  city  work  being  inci- 
dental. The  methods  described  in  the  communication  to  the  paper 
can  thus  be  useful  to  city  engineers  as  well  as  private  practitioners. 

"It  is   useless  to  attempt  to  keep  maps,   notes  and   records,   if 
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no  method  ia  adopted  for  Rndmg  them  quickly.  Usually  they  an 
wanted  when  time  is  pressing.  The  writer  has  solved  the  problem 
to  his  own  satisfaction  in  the  following  manner: 

The  first  thing  to  do  is  to  provide  for  taking  care  of  the  papers 
after  classification.  The  second  is  to  avoid  complex  classification 
m  the  filing  receptacles.  The  third  is  to  provide  an  adequate  index 
and  do  all  the  classifying  there. 

Some  men  have  a  mania — or  develop  one — for  minute  sub- 
division and  class itication  and  devise  a  system  (so-called)  that  is 
burdensome  and  acts  as  a  deterrent  upon  friends  who  see  it  in 
operation.  Complex  systems  are  soon  abandoned  unless  the  engi-  , 
peer  is  fortunate  enough  to  be  able  to  indulge  in  the  luxury  of  a 
filing  clerk.  An  ordinary  office  boy  can  not  index  the  papers  of  an 
engineer. 


A  sheet  of  paper  36  inches  wide  can  be  divided  most  econom- 
ically by  adhering  to  the  following  regular  sizes  of  sheets,  which 
are  lettered  to  indicate  the  size;  "A"  sheets,  6x12  inches;  "B" 
sheets,  12x18  inches;  "C"  sheets,  18x24  inches;  "D"  sheets,  34x38 
inches.  Sheets  between  these  sizes  are  to  be  lettered  to  correspond, 
and  to  be  filed,  with  sheets  of  the  next  larger  size. 

The  sheets  are  to  be  filed  by  size  in  drawers  or  filing  cases- 
They  can  also  be  filed  in  home  made  portfolios,  and  these  can  be 
himg  on  a  wall  or  partition,  or  be  placed  on  shelves. 

Many  drawings  will  have  to  be  kept  in  rolls,  (or  some  will  be 
too  large  to  file  conveniently  in  drawers  and  others  have  to  be 
taken  out  of  the  oflice  frequently.  It  is  the  practice  of  the  writer 
to  keep  all  drawings  rolled  up  that  go  often  outside  of  the  office. 
The  rolled  drawings  are  kept  in  pasteboard  cases.  These  can  be 
purchased  from  'any  dealer  in  drawing  materials,  but  local  box 
factories  will  usually  make  them  in  dozen  lots  for  a  much  lower 
price. 

The  rolled  drawings  are  naturally  divided  into  two  classes: 

(I)  Drawings  larger  than  24x36  inches,  and  to  which  a  letter 
can  be  given  according  to  their  width.  The  following  are  sugges- 
tive :  "E"  sheets  are  30  inches  wide  and  may  be  of  any  length, 
provided  they  are  too  long  to  be  classified  with  "D"  sheets;  "F" 
sheets  36  inches  wide;  "G"  sheets  42  in'hes;  "H"  sheets  48  incbea, 


0.  Google 


OFFICE  SYSTEMS. 


3*1 


etc.,  each  letter  being  for  sheets  6  inches  or  less  wider  than  the 
next  smaller  sheet.  The  width  of  the  sheet  regulates  the  length  o£ 
the  filing  tube  or  case. 

(2)  Drawings  in  use  on  some  particular  job  and  kept  together 
until  the  job  is  (»nip1eted  are  usually  placed  in  tubes  of  smaller 
diameter  than  the  regular  tubes  for  convenience,  and  only  one 
set  is  kept  in  a  tube,  a  label  being  placed  on  the  outside  so  it  can 
be  readily  kept  track  of. 


1  M'L 


JBfio 


So 


S.W^VOF  N.t.li.0FSEC.Ifc-49-3S 


^lief/Wsions  arm  ploM-jtef, 

Tht^  ore  hare  oraif^tf  /or 
Mt  sca/e    wouJtf  6e      fBo 


-^./  -fo/kreF/at 

The  most  satisfactory  method  (or  taking  care  of  the  tubes, 
considering  economy  and  ease  of  reference,  is  lo  have  a  framevork 
built  in  the  office  much  like  the  studding  in  house  framing.  In 
each  vertical  post  drive  wooden  pegs  at  a  slight  angle  long  enough 
to  hold  about  two  or  three  tubes  on  each  pcR.     In  order  that  prying 
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visitors  may  not  become  too  interested  in  work  going  on  in  the 
office  it  is  good  practice  lo  number  every  job  consecutively  and 
place  only  the  number  on  the  label  pasted  on  the  tubes  containing 
work  in  band. 

The  first  class  of  drawings  will  usually  be  on  paper  or  tracing 
cloth.  The  second  class  usually  consists  solely  of  blue  prints.  The 
second  class  will  be  indexed  in  the  permanent  index  record,  so  far 
as  the  original  drawings  from  which  the  prints  are  made  are  con- 
cerned. An  additional  index  for  work  in  hand  is  therefore  a  sim- 
ple matter. 

A  took  witli  plain  pages  and  having  an  alphabetical  index  is 
used.  Each  job  is  numbered  consecutively  and  a  record  entered  In 
the  book,  commencing  with  the  first  page.  Usually  a  page  is  given 
to  each  job. 

First  the  number  oE  the  job  is  placed  at  the  upper  outside 
corner  of  the  page.  Underneath  is  placed  the  name  and  address  of 
the  party  for  whom  the  work  is  being  done,  and  such  other  items 
(including  dates)  as  may  be  considered  necessary  to  keep  the  record 
compact  and  fairly  complete.  Below  this  put  a  list  of  the  drawings 
used  for  the  work,  together  with  their  index  and  filing  numbers. 
In  the  aphabetical  index  forming  part  of  the  book  it  is  simply 
necessary  to  put  in  the  name  of  the  employer  (client),  together 
with  the  job  number  and  page  of  the  record.  The  cost  of  the 
tubes  is  so  small  that  it  pays  to  keep  all  the  drawings,  together 
with  specifications,  contracts,  etc.,  in  these  same  tubes  and  file  them 
away  when  the  job  is  done.  If  any  question  afterward  arises  the 
ability  to  produce  such  papers  when  wanted  is  a  valuable  asset. 
The  writer  usually  seals  the  tubes  and  puts  them  where  the  dust 
can  not  accumulate  and  where  there  will  be  small  dai^er  of  fire. 

An  engineer  should  have  a  fireproof  safe,  or  rather,  a  good 
sized  vault,  in  his  office  and  keep  all  the  records  in  it.  If  he  can 
not  do  this,  but  must  carry  them  to  a  vault  for  storage  each  night, 
he  will  find  rolls  and  flat  portfolios  better  than  shallow  drawers 
and  standard  filing  cases.  Metal  protected  filing  eases  may.  of 
course,  be  purchased  if  the  engineer  can  afford  it.  . 

(NfiiE— The    writer    wishes    lo    add    to    the    originsl    leller    by    saying    he 

ferred  to  during  the  day.  In  a  vault  shallow  draw«a  have  a  place.  They 
should   never  hold   more   than   Iwenty-live  sheets,   however,   as   it  is   a   difficult 
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job  ta  look  for  injtliiiiE  when  there  are  more.  The  beil  device  of  thi* 
kind  be  hag  Been  wu  ddc  where  ihere  was  a  piece  of  heavy  pasteboard  as  a 
false  bDttom.  In  the  boitam  of  the  drawer  near  the  front  wa*  a  large 
bole.  When  Ihe  drawer  was  pulled  out  the  hand  waa  puihed  under  the  false 
bottom  and  it  was  raised  aird  carried  forwaid  until  the  front  rested  on  the 
top  of  Ihe  drawer  thus  permiltiiig  an  ea>T  euminalion  of  the  sheets.  Within 
the  past    few   years  a  tiling  lyslcm  has  comr  inlu   use  whereby  the   drawings 

comes  dawn  flat  like  a  ladies'  writing  desL  Fastened  to  this  door  are  two 
rods  over  which  the  eyelets  go.  When  the  door  is  swung  to  its  vertical 
position  the  drawings  hang  by  these  rods  and  are  very  convenient  for  refer- 


To  avoid  duplication  of  numbers  all  books  used  are  numbered 
consecutively,  transit  books  being  indicated  in  [he  index  by  ''T," 
level  books  by  "L"  and  books  used  in  the  office  by  "O."  The  letter 
and  number  placed  on  the  ba:k,  where  it  can  be  seen  when  the  book 
is  on  a  shelf,  indicates  to  llie  searcher  the  book  wanted. 

{Note— The  wcller  uses  generally  a  book  ruled  in  quarter-inch  squares. 
at  in  ten  squares  to  the  inch,  for  all  his  work  except  work  of  a  fairly  regular 
kind,  like  railroad  or  canal  surveys.  There  is  no  vertical  ruling  in  red  lines. 
so  this  enables  him  to  use  the  book  for  all  classes  of  work.  If  he  happens 
to  be  so  placed  thai  he  tan  not  get  hold  of  such  a  book  he  prefers  to  use  a 
book  ruled  like  a  level  book.) 

Office  books  are  two  in  kind.  One  kind  is  about  the  same  in 
size  as  a  field  book,  but  costs  much  less,  and  when  possible  all 
pages  should  be  ruled  in  squares.  The  other  office  books  are  usu- 
ally about  8^  inches  wide  and  14  inches  high.  The  pages  are  also 
ruled  in   squares.     The   squares  may  be   eight   or  ten   lo  the   inch. 

{Note— It  should  have  been  stated  that  the  larger  books  are  used  alio. 
Sether  for  structural  work  and  static  calculations.  The  smaller  books  for 
surveys,  hydraulic  calcufations,  etc.  For  figuring  paper  it  is  easy  to  purchase 
loose  abeets  for  2D  cents  ■  pound,  ruled  on  both  aides  in  quorter-iocli  squares.) 

When  doing  any  work  it  is  wisest  to  do  it  in  a  book  instead 
of  on  slips  of  paper  to  be  thrown  away.  A  slight  degree  of  (are 
used  to  indicate  at  the  top  of  ihe  page  the  work  done  (hereon,  and 
a  careful  indexing  of  the  book  will  often  save  considerable  annoy- 
ance and  expense  afterward.  The  writer,  for  this  reason,  when  in 
the  field  prefers  to  do  his  figuring  on  pages  of  the  field  book  rather 
than  on  separate  pads ;  if  it  can  not  be  done  without  interfering 
with  the  notes  on  an  opposite  page,  then  he  figures  in  (he  back  of 
the  hook. 
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In  any  scheme  for  indexing  plats,  etc.,  the  letters  "T,"  "L" 
and  "O"  are  kept  for  the  books.  The  books  are  not  numbered  with 
the  number  of  the  piece  of  work,  for  frequently  one  book  may  be 
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used  o:i  several  jobs,  and,  conversely,  some  pieces  of  work  will  use 
up  many  books.  It  happens  occasionally  that  one  book  may  be  used 
for  both  transit  and  level  work.  In  that  case  it  is  filed  as  a  transit 
book. 
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(NoT> — The  writer  i(  contemplating  >  change  bj 
a  part  of  bis  scheme.  Hereafler  "T"  will 
indicate  oEEce  books,  for  i1  is  getting  to  be  more  and  more  the  habit  to  use 
a  book  indiKrininately  and  he  doe*  u  much  stadia  work  that  a  general  field 
book  is  used.  If  the  book  happem  to  have  been  used  for  level  note*  oxAj, 
the  word  "Levels"  can  tit  put  on  the  back  edge.) 

So  far  as  the  use  of  books  is  concerned,  the  writer  prefers  to 
have  in  books  only  data  used  or  collected.  For  records  he  preferi 
loose  sheets,  3x12  inches  (or  as  much  larger  as  may  be  found  nec- 
essary, filed  with  the  drawings).  On  these  sheets  can  be  plaited 
alt  the  information  wanted  in  much  better  shape  than  it  can  be 
placed  in  a  bound  book.  It  helps,  also,  in  making  records,  to  be 
able  to  plat  to  scale,  and  this  it  is  almost  impossible  to  do  in  a 
bound  book.  The  card  index  finds  these  sheets  as  quickly  as  it 
will  find  a  book. 

(NoTi— In  a  discusBkm  on  field  books  W.  Newbrough,  Evansion,  Wye, 
wrote  to   Engineering  News  a  letter  published   May    IS,    ISOfi,    describing   bia 


field 

books.     His  books  are  made  to  order,  *'Ak7  inches,  on  ruled  paper 

cs   to   the   inch,    SO   leaves   or    l«0    pages   to    the    book,    well    bound 

with 

tbe    lower   edge  giaduated   six   ipaces  to   the   inch.      These    he   buy 

Hie  a 

He   first   nvnnbers   all   the   pages.      At   the  top  of  the    left    hand    pag 

writei 

1  the  name  of  the   work,  who  it   is  for,   and  other  useful  and   nerei 

data. 

If  the  work  is  leveling,   he  draws  column  line*  with  a  pencil^  if 

a  sketch  he  can   make  il  somewhat  to   Kale  with   Utile  trouble.      Ham 

randn 

goes  down.     He  writes  on  every  line  or  every  other  line  as  he  cho 

or  makes  an   underground   survey   and   keeps  his   notes  entirely    by   aketi 

if   he 

chooses.     Tn   illuatrale.   he  gives   as   a  sample  the   inden   page  of 

IS.  as  follows: 

Page. 

Description  of  land  sold  by  M.  V.  Morse  to  G.  Anderson,  12-11-'M  ( 

deed). 

Anderaon's  description  of  above   from  letter. 

Sketch  of  Evansion  No.  1  Reservoir. 

Notes  of  lines  for   City    Water    Works  change. 

Sketch  standard  coal  car  (or  K.  C.   Co. 

Level    notes   (or    freeze-out  dilch  and   alignmenl. 

1%. 

Calculations   for  above. 

Calculations  and  stresses  and  sketches  in  truss  for  D.  C.  Co.  raal  d 

76. 

Grade  levels  for   Evanston,  etc. 

numbering  his  books  c 
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He  gira  field  boaVi  Ibdt  nambcr  when  filled.     The  contents  are   card 
Indexed  in  three  or  tgur  ways,  notaWj  by  name  of  person  for  whom  the  work 

name  of  nearest  posloffice.  When  going  lo  malie  *  survey  in  »ny  locality- 
be  can  easily  tooli  over  ihe  index  and  lind  books  relating  to  surveys  made 
there,  and  talce^he  notes  with  bim- 

L.   T.   Haney,  New  York   City,  in  the  same  issue,  mentions  his  new  field 

proof  ink  and  having  a  protractor,  graduated  to  five  degrecf,  printed  in  faint 
ink  on   the  HghE   hand   page  to   facilitate  rapid  sketching.     The  twok   is  nar- 

(avor  the  hip  pocket,  for  perspiration  is  bad  for  the  book  and  the  skin  may 
chafe  on  a  hot  day.  lie  prefi^rs  s  coat  pocket,  and  if  the  weather  is  hot  a 
light  linen  coat  can  be  used.     If   he  wears  no  coat  then  carry  everything  in 

■  specially  made  leather  pouch  hanging  from  a  strap  aver  the  shoulder.     Such 

■  pouch  contains  a  loose  pocket  for  table  book,  one  for  the  field  book,  a 
place  for  a  plomb  bob  and  a  pocket  for  pencils.  For  a  protractor  for  field 
■kelcUng  be  b^s  found  Almorth's  Draftsman's  Protractor  very  handy.  It 
can  be  carried  readily  in  Che  field  book,  and  as  it  attaches  to  the  paper  by 
a   needle  pojnl.    good  sketches  can  be   made   from   any    vertical    or    horizontal 


The  permanent  index  is  used  for  keeping  track  of  Aetd  books, 
calculation  books  and  drawings,  maps,  plans,  sketches,  etc.  It  is 
best  to  use  for  this  purpose  regular  index  cards,  now  so  common 
a  feature  in  office  record  systems.  Cards  3x5  inches  in  a  120  di- 
vision of  the  O  p  rt  of  his 
outfit  the  engi  g  p  h  w  h  he  writer 
uses  a  cardboa  d  g  w  g  m  H  cards  cost 
N  cents  per  10  gu  d  d  cents  per 
set.  As  the  fi  g  bo  d  g  ds  it  had 
no  guide  to  m  d  po  n  w  box  was 
partly  filled.  The  guide,  however,  was  an  easy  and  mexpensive 
matter  to  arrange.  The  box  will  hold  1,500  cards  in  addition  to  the 
guide  cards.  The  above  figures  are  given  to  show  that  the  cost  of 
the  index  is  not  too  high  to  prevent  its  use.  The  man  who  wishes 
to  have  a  finely  finished  wooden  case  with  trimmings  can  get  it 
by  paying  the  price. 

Each  job  is  indexed  in  the  card  index  by  the  name  of  the 
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client.     The   full  name   is  put  at  the  top,   together  with  the  job 
number.     On  the  lines  beneath  are  placed  the  numbers  ot  all   the 
drawings,  followed  by   an  identifying  description,  precisely  as  in 
Qf^TIFICATE.    O^   SuffVEY- 

i^sas  Cty,  Mo.  flprU  //,  /SOS 
JUr.  i¥.  TAlex.on(fer 

fi'a^sos  Cify,  Mo . 
Tfeor  Sir  : 

Tht*  is  /o  cerf-ify  fiaf-  n-e  Aare,  this  dafe  ma^e 
Surrey  of  ^e.  firemit*i  ^mscfiSe.!^  at  Lo^  S 

an^  Aare /rrar/rai/  Me  /i/res  Menof  ih  Ms.  manner 
fnpressitf'e^  on  Ma  aecomponynf  p/of". 


(Jours  rtip^effull^- 
Book  9-4-3-3Z   PUjt.77 

Ciril  Ertgi/t*.*ri. 

Ff$'  S      Samp/e,  o-f    Cerf/'ficafa    0/  tSury»f 
"  P/ain    Surve-y.  " 
the  reference  book,  for  work  in  hand.    This  card  also  coniains  the 
numbers,  etc.,  by  which  to  identify  Che  field  and  calculation  books 
used  on  the  work. 
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In  addition  to  indexing  by  the  name  of  the  client  it  is  in- 
dexed by  the  number  in  the  same  index.  The  number  is  placed  at 
the  upper  left  hand  corner  of  the  card  and  the  name  of  the  client  is 
put  underneath.  Then  for  full  information  the  searcher  will  look 
up  the  card  containing  the  name  of  the  cHent.  All  the  data  in 
field  and  office  books  and  on  plats  and  drawings  is  indexed  by  the 
name  of  the  client,  name  of  work,  name  of  street,  number  of  job, 
and,  in  fact,  by  as  many  cross  references  as  the  indexer  cares  to 
use.     Bench  marks,  monuments  and  all  survey  points  are  indexed 

The  writer  prefers  to  use  a  single  index  instead  of  having  one 
for  each  subject  or  class  of  work.  It  may  be  objected  to  that  such 
a  system  as  is  here  described  lumps  things  too  much,  and  it  would 
facilitate  matters  to  classify  each  subject  in  drawers  or  portfolios. 
The  writer  has  seen  many  men  abandon  system  altogether  after 
making  attempts  at  such  a  classification  because  it  is  hard  to  keep 
up  and  calls  for  too  much  indexing.  In  the  system  described  the 
most  economical  methods,  so  far  as  space  is  concerned,  are  con- 
sidered.    It  has  been  a  matter  of  growth. 

In  the  card  index  any  degree  of  classification  can  be  carried 
out.  For  example,  cards  can  be  headed  Benches.  Monuments,  etc., 
and  references  made  to  streets  and  books  and  plats,  to  one  or  all. 
Waterworks.  Sewerage,  Street  Improvements,  etc.,  can  be  referred 
to  also  under  a  general  heading  and  cross  referenced  as  minutely 
as  desired. 

Whenever  a  drawing  is  traced  or  a  copy  given  out,  remarks 
can  be  written  on  the  back  of  the  sheet.  Each  tracing  will  carry 
the  numl>er  of  the  drawing,  and  if  the  drawing  was  entirely  on 
tracing  cloth  it  is  a  good  plan  to  put  in  the  file  with  it  a  sheet 
attached  to  it  by  means  of  a  clasp  or  pin.  The  sheet  of  paper 
should,  of  course,  carry  the  same  letter  and  number,  so  Jt  can  be 
pat  back  in  place  if  detached  at  any  time  the  tracing  is  used.  On 
this  sheet  should  be  put  all  remarks  likely  to  be  of  value,  such  as 
dates  when  blue  prints  were  made,  fo  whom  given,  alterations,  etc. 

When  drawings  are  changed  so  much  that  a  new  one  is  re- 
quired, the  new  drawing  should  carry  the  old  number  and  letter 
(if  of  the  same  size)  and  have  on  it  memoranda  to  indicate  the 
changes.  The  old  drawing  should  be  marked  across  the  face  in 
large   letters^   "Cancelled   by   drawing    "      By   doing   this   all 
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drawings  can  be  kept  together  without  danger,  as  it  is  not  good 
policy  to  throw  such  things  away  when  replaeed  by  new  drawings. 
The  writer  has  found  it  well  sometimes  to  put  old  changed  draw- 
ings away  in  tubes  bearing  the  letter  of  the  sheet  size  so  that  the 
flat  files  or  drawers  will  not  have  too  much  old  matter  in  them. 

Sometimes  for  convenience  on  certain  work  a  slight  dropping 
into  a  decimal  system  of  filing  is  adopted.  Take,  for  example,  a 
sewer  system  in  Joneslmro.  The  drawings  will  be  on  sheets  of 
different  sizes,  and  in  the  upper  left  hand  corner  will  appear  per- 
haps as  A  667,  B  S91,  C  845,  D  127  and  the  general  map  may  be 
F  90.  Underneath  is  the  number  of  the  job,  the  whole  being  in 
the  fonR  of  a  fraction.  Pipe  details  will  be  No.  1  throughout  for 
record  purposes  for  that  particular  job.  Manholes  (general)  win 
be  No.  2.  Manhole  details  will  be  3.1,  2.2,  2.3,  etc,  and  2.21,  etc., 
if  there  are  details  of  details.  Catch  basins  will  be  No.  3,  Flush 
Tanks  No.  4,  etc.  The  reason  for  this  is,  that  sometimes  special 
records  are  made  for  each  job,  and  besides,  an  engineer  in  the 
course  of  a  long  practice  wilt  accumulate  standards.  Of  these 
standards  he  can  have  a  special  and  separate  index,  and  throughout 
he  can  give  certain  details  definite  recognition  numbers.  Such  a 
matter  can  be  best  developed  by  the  man  using  the  system. 

It  is  assumed  that  the  index  referred  to  relates  solely  to  matter 
placed  on  sheets  and  to  the  accompanying  data  in  books.  It  pos- 
sesses an  admirable  flexibility  and  is  capable,  therefore,  of  an  in- 
definite expansion.  The  engineer,  however,  has  other  things  to 
preserve,  such  as  memoranda  and  notes  and  fragmentary  literature. 
Other  indexes  must  be  provided  for,  them. 

INDEX   UAPS   FOR  CITY  WOKK. 

When  an  engineer  is  doing  considerable  work  in  one  city  and 
needs  to  refer  often  to  benches  and  survey  points  he  can  arrange 
in  the  following  manner  for  keeping  track  of  them.  Procure  a  map 
of  the  city  and  divide  it  into  spaces  4J^x7.  inches  and  give  each 
space  a  number.  Prepare  cards  of  the  same  size,  and  on  one  side 
draw  the  part  of  the  dty  in  the  space  that  card  is  to  cover.  Some 
engineers  use  a  thin  map  by  cutting  il  up  and  pasting  the  pieces  on 
one  side  of  the  card.  The  map  that  is  marked  is  the  index  and 
the  cards  are  a  record  to  take  to  (he  field. 

When  a  bench   is  established,  or  a  monument  or   a  line  point 
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sot,  a  record  should  be  made  on  a  card  in  a  card  iiiilex  box,  or  it 
can  be  entered  alphabetically  by  streets  in  a  book.  All  points  should 
be  numbered,  one  set  being  used  for  survey  points  and  another  for 
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benches.  On  the  index  map  place  the  number  in  the  proper  loca- 
tion. On  the  small  cards  also  put  the  numbers  down  in  the  proper 
locations.  Red  ink  is  generally  used  for  elevalions  and  some  other 
color  for  survey  points.  On  the  back  of  the  card  write  the  descrip- 
tion, exact  location  and  elei-ation.  The  cards  are  filed  in  large 
envelopes  in  a  box  serially.  When  a  survey  is  to  be  made  in  any 
part  of  the  city  a  glance  at  the  map  on  the  wall  gives  the  number 
of  the  card  covering  that  part. 

The  card  is  removed  from  the  case  or  envelope  and  placed  in 
the  back  of  the  field  book.  This  renders  it  unnecessary  to  do  any 
copying  when  in  a  hurry.  As  the  same  information  is  on  a  card 
in  a  regular  card  index  there  is  no  danger  of  serious  loss  if  the 
map  card  is  lost  while  in  the  field. 

LOOSE    LEAF    INDEX    SYSTEM    FOR    NOTES,    ETC. 

In  the  course  of  lime  sketches,  notes  of  observation,  trade 
secrets,  useful  wrinkles  and  formulas  accnniulnle  and  should  be 
so  preserved  that  they  will  be  immediately  available  when  wanted. 
It  is  a.  good  plan  to  carry  a  loose  leaf  book  with  ruled  pages  and 
make  such  memoranda  and  notes  on  the  loose  sheets.  Each  item 
should  be  placed  under  a  heading,  so  it  can  be  found  with  certainty 
when  wanted,  and  it  is  a  good  plan  to  put  at  the  top  of  the  sheet 
all  the  headings  under  which  the  subject  will  be  looked  for  when 
wanted. 

When  back  in  the  office  the  sheets  should  be  taken  from  the 
covers  and  filed  alphabetically  in  a  box  of  the  proper  si7e.  Where 
several  headings  are  indicated,  make  out  blank  sheets  for  each 
subject,  containing  that  subject  at  the  top  and  underneath  a  state- 
ment as  to  the  heading  under  which  the  information  is  filed.  These 
auxiliary  sheets  are  to  be  tiled   alphabetically. 

It  can  be  readily  seen  that  such  a  system  is  self -indexing  and 
call^  tor  no  additional  work  in  recording,  provided  only  one  subject 
is  entered  on  each  page.  The  engineer  has  thus  a  constantly  ex- 
panding self-indexed  hand-hook  of  data.  It  is.  of  course,  not  one 
he  can  carry  with  him  in  his  pocket,  but  it  h  one  he  can  easily  refer 
to  in  the  office. 
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ii  a  Lin  of  dealer!  in  utklcs  requirrd  by  cily  officials  and  the  liit  hu  been 
prepared  in  order  ihat  readers  will  know  who  can  supply  tfaeir  wanti,  Aa  all 
ealalOEuei  ibouLd  be  preierved  ior  fuiiTre  reference  the  place  for  a  description 


The  writer  is  strongly  opposed  to  roll  top  desks,  or  desks  con- 
taining more  than  one  drawer,  in  an  office.  That  is,  in  the  office 
of  an  engineer  having  assistants.  He  prefers  a  flat  top  table  with 
one  shallow  drawer,  where  the  man  using  it  can  put  pencils,  etc. 
and  where  he  can  leave  small  things  of  his  own  at  night.  Th's  lahle 
can  have  some  shelves  at  one  end  on  which  to  place  things  needed 
during  the  day,  but  everything  can  go  to  its  place  at  night.  A  large 
metal  cash  box  is  convenient,  and  one  can  be  placed  on  each  table 
so  that  books,  memoranda,  etc.,  used  during  the  day  can  be  locked 
in  that  box  and  be  put  away  for  the  night. 

To  keep  the  drawing  boards  and  tables  free  from  dust,  and  to 
protect  papers  tacked  down  a  linen  or  muslin  cover  should  be  hung 
over  each  every  evening  at  quitting  time." 

The  following  article  is  re-printed  entire  from  EngineertHg 
News  of  July  20,  1905,  being  a  reprint  from  The  Transit,  published 
by  the  Engineering  Society  of  the  University  of  Iowa.  Ail  the 
illustrations  have  been  redrawn  for  this  book. 

METHODS  OF  FILING  RECORDS  IN  A  CITY  SURVEYOR'S 
OFFICE 


In  some  of  our  larger  cities  the  lot  and  land  line  surveys  are 
made  by  engineers  in  private  practice,  the  city  engineering  depart- 
ment devoting  its  entire  time  to  public  improvements,  doing  nothing 
whatever  with  these  surveys.  Since  no  departfnent  of  the  public 
service  is  directly  responsible  for  the  maintenance  of  monuments. 
there  is  consequently  no  uniform  system  of  monumenting  street  and 
other  lines,  hence  every  engineer  or  firm  of  engineers,  doing  this 
kind  of  work  must  have  its  own  system  of  street  and  land  line 
monuments  and  references  to  the  same,  which  in  fact  is  a  very 
valuable  part  of  the   firm's  assets. 

If  a  firm  has  records  of  and  references  to  all  the  section,  land 
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and  street  monunients  and  lines  in  the  cit}',  and  is  called  upon  to 
make  from  three  lo  twenty  surveys  per  day,  it  must  have  these 
records  and  references  very  full  and  complete,  and  must  have  a 
very  systematic  and  flexible  method  of  indexing  the  accumulated 
and  rapidly  accumnlating  information  in  order  that  the  preliminary 
notes  for  making  any  survey  may  be  prepared  quickly,  and  with  the 
assurance  that  all  the  information  which  bears  directly  or  indirectly 
upon  the  location  of  the  tract  of  land  to  be  surveyed  is  known  and 
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(Tha  curds  ussd   iy  /*£  firm  art  priirfd.) 

It  was  the  writer's  privilege  to  be  associated  with  Titttle  & 
Pike,  civil  engineers  of  Kansas  City,  Mo.,  for  eight  years  as  chief 
draughtsman  and  as  chief  assistant,  and  while  serving  in  this  ca- 
pacity the  following  system  of  filing  records  was  largely  developed, 


r  being  instrumental  in  the  evolut 
cipal  features  of  the  system.    This  s 
records: 

1.  Recorded  Plats. 

2.  Forty-Acre   Plats. 

3.  Section  Books. 
i.     Field  Note  Books, 
5.     Certiticaie  of  Surveys. 


of  the  prin- 
embraces  the   following 
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Copies  are  made  of  all  plats  of  record  in  tlie  office  of  the  Re- 
corder of  Deeds  for  Jackson  County,  Mo.,  the  county  in  which 
Kansas  City  is  located.  These  copies  are  made  on  tracing  dolh 
and  are  exact  copies  of  all  the  information  on  the  original  plats. 
They  are  all  of  a  uniform  size,  the  border  line  is  loxl«14  inches 
and  the  trimming  line  is  16^x20  inches.  The  same  letter  is  used 
in  all  the  titles,  thus  securing  uniformity  for  at!  plats.  The  plats 
made  in  each  year  are  numbered  in  the  order  of  their  date  of  filing: 
for  record,  the  year  being  placed  in  the  upper  left  hand  corner  of 
the  plat  and  the  numerical  number  for  that  year  in  the  upper 
right  hand  corner. 

The  tracings  are  filed  flat  in  drawers  in  a  filing  case  in  numer- 
ical order  with  reference  to  the  year  and  year  number.  The  years 
inclusive  of  the  plats  in  each  drawer  are  printed  on  the  label  card 
on  the  front  of  the  drawer. 

Copies  are  made  of  all  plats  that  are  filed  tor  record  each 
month,  thus  keeping  the  file  up  to  date.  "Positive"  prints  (that  is, 
prints  with  white  background  and  blue  lines)  are  made  of  these 
plats  as  they  are  called  for  and  sold  to  real  estate  firms,  abstractors 
and  others ;  quite  a  number  being  regular  subscribers  for  prints  of 
all   plats   filed   for   record. 

For  field  and  office  use,  positive  prints,  made  on  best  linen 
paper,  are  used.  They  are  folded  uniformly  so  that  they  are  4x9Vi 
inches.  The  title,  section,  township,  range  and  40-acre  number  are 
printed  on  one  end,  thus : 

Beacon  Hill 
10  —  49  —  33 


and  filed  ti 
number  in  each  S' 
numbers  inclusive 
each  file. 


reference  to 
a  document  filing 


imber  and  40-acre 
ise.      The   section 
the  label  card  on  the  front  of 


Plats  are  made  on  tracing  cloth  to  the  scale  of  100  feet  to  the 
inch  for  each  quarter  quarter- section  of  all  the  sections  within  the 
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city  limits  of  Kansas  City,  Mo.,  showing  all  the  additions  on  same 
that  are  of  record  (see  Fig.  1).  The  plats  are  19^x20  inches.  The 
addition  names  are  arranged  numerically  with  reference  to  date  of 
record  and  printed  in  the  upper  left  hand  corner  (the  number  to 
right  of  the  year  refers  to  the  year  number).  The  street  names 
are  put  on  the  margin,  and  the  lot  numbers  on  the  rear  of  the 
lots,  so  as  to  leave  room  for  indexing  surveys  and  for  recording 
the  measurements,  angles  and  other  information  on  the  face  of  the 
plat.  The  plats  are  called  "Forty-acre  Plats."  They  are  num- 
bered from  1  to  ifl  for  each  section,  as  shown  in  Fig.  3.  This 
makes  the  plats  self-indexing,  as  one  can  iind  any  quarter  quartet' 
section  in  any  section  at  once.  The  tracings  are  filed  flat  in  draw- 
ers in  a  filing  case  in  numerical  order  with  reference  to   sections. 

For  office  use  positive  prints  are  made  on  heavy  parchment 
paper  and  bound  with  a  loose  leaf  ring  binder,  so  that  at  any 
time,  as  new  subdivisions  are  made,  they  can  be  platted  on  the 
tracings  and  new  prints  inserted  in  the  binder.  There  are  three 
books.  Each  binder  has  four  1-inch  rings.  The  surveys  are  in- 
dexed in  red  ink  on  these  prints,  also  all  measurements,  angles,  etc 

For  field  use  positive  prints  are  made  on  linen  paper.  These 
prints  are  duplicate  copies  of  all  field  work  compiled  in  the  Forty- 
Acre  record  books  in  the  office,  so  that  the  field  man  can  see  at  a 
glance  what  has  been  done  in  the  quarter  quarter- section  in  which 
he   is  working. 

SECTION    BOOKS. 

All  references  to  section  hnes,  land  lines  and  street  lines  are 
compiled  in  field  note  hooks  that  are  called  ''section  books."  There 
is  one  book  for  each  section.  Each  book  is  divided  into  parts  of 
ten  pages  each  to  correspond  with  the  4(i-acre  plats  of  the  section. 
The  first  ten  pages  are  used  for  reference  to  section  corners,  quarter- 
section  corners  and  measurements  and  angles  between  said  comers. 
An  outline  sketch  of  the  section  is  drawn  on  the  second  page  (see 
Fig,  3),  showing  the  40-acrc  numbers,  and  the  street  names  on  the 
40-acre  lines,  also  measurements  between  40-acre  lines.  The  next 
160  pages  are  used  for  reference  and  ties  lo  street  lines,  ten  pages 
being  used  for  each  40-acre  number,  pages  11  to  30  for  40-acre 
No.  1,  pages  21  to  SO  for  40-acre  No.  3,  etc.  This  makes  the 
book  self-indexing  as,  for  example,  the  ties  to  street  lines  in  40-acre 
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No,  4  would  be  on  the  pages  in  the  40's,  lies  to  street  lines  in  40-ac 
No.  13  on  the  pages  in  the  lao's,  etc     The  iirst  page  of  eadi  a 
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of  ten  pages  is  used  far  general  notes  for  that  quarter  quarter- 
section,  such  as  block  measurements,  angles,  etc.  An  outline  sketch 
is  drawn  on  the  second  page  (see  Fig.  3),  showing  the  streets  on 
the  margin,  the  next  eight  pages  are  used  for  the  reference  and 
ties  to  the  street  lines,  one  page  being  used  for  each  street.  The 
street  name  is  put  at  the  top  of  the  page,  then  the  lies  and  refer- 
ences to  the  street  lines.  The  streets  are  arranged  from  the  north 
to  the  south,  then  from  west  to  east.  In  a  regular  subdivision  of 
a  quarter  quarter -sect  ion  there  are  just  eight  streets.  (»>unting  the 
Streets  on  the  margin,  the  east  and  west  streets  being  on  the  10- 
acre  lines  and  the  north  and  south  streets  on  the  5-acre  lines.  In 
quarter  quarter-sections  that  have  more  than  eight  streets,  two 
streets  are  put  on  some  of  the  pages. 

FIELD   NOTE   BOOKS. 

The  field  note  books  for  lot  and  land  surveys  are  arranged  by 
sections  also,  so  that  the  surveys  in  any  section  are  all  together 
in  one  or  more  books  for  that  section.  The  books  are  numbered 
by  the  section.  When  more  than  one  book  is  needed  in  a  section 
the  page  number  designates  the  book,  thus :  The  hrst  book  is  from 
pages  1  to  99,  the  second  book  from  pages  100  to  199,  etc.  The 
pages  are  in  pairs,  that  is,  when  the  book  is  open  the  right  hand 
page  and  the  left  hand  page  have  the  same  page  number.  The 
information  for  the  survey  is  laid  out  on  the  right  hand  page  and 
the  field  notes  as  to  just  what  was  done  are  put  on  the  left  hand 
page.  The  arrangement  of  the  information  for  the  survey  is  as 
follows:  Survey  numl>er,  for  whom  survey  is  lo  be  made,  descrip- 
tion of  premises  to  be  surveyed,  what  is  required,  and  instructions 
to  field  party  as  to  what  to  do. 

The  same  style  and  si^.e  book,  a  Russia  leather  bound  book,  is 
used  for  both  the  field  "section  book"  and  the  field  note  book.  To 
distinguish  the  books  the  backs  are  lettered  as  in  Fig,  4. 

Profiles,  cross  sections  and  miscellaneous  notes  are  kept  in 
the  ordinary  level  hooks,  which  are  numbered  numerically. 


When  the  survey  is  made,  a  certificate  of   survey  is  made  up 
ivith  a  plat  of  the  premises  surveyed,  showing  just  what  was  done. 
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In  a  "plain  survey"  (see  Fig,  5)  only  the  corners  of  the  premises 
are  marked.  Very  often  the  architect  calls  for  what  is  known  as  a 
"complete  survey"  to  furnish  him  the  necessary  data  to  design  a 
proposed  building  for  the  premises.  In  complete  surveys,  the 
corners  are  marked,  curbs  marked,  premises  cross  sectioned,  build- 
ings and  trees,  if  any,  located,  face  of  adjacent  buildings  located 
with  elevations  of  floors  of  same;  also  the  established  grade  of 
street  and  alley,  location  and  size  of  sewer  with  elevation  of  flow 
line,  and  location  and  size  of  gas  and  water  mains  are  given.  The 
grades,  sewer,  gas  and  water  are  compiled  from  the  city  records. 
See  Fig.  6  for  plat  of  "complete  survey."  The  written  matter  is 
the  same  as  for  the  "plain"  survey. 

When  only  the  location  of  the  building  is  required  the  written 
matter  on  the  certificate  of  survey  reads  as  follows : 

"This  is  to  certify  that  we  have  this  date  made  survey  of  th« 
premises 

known  as 

No.  sms  Euclid  avenue, 

described   as 

Lot  136  Altamont, 
and  find  the  location  of  the  building  thereon  to  be  as  represented 
on  the  accompanying  plat," 

The  certificates  of  surveys  are  9J^xl6  inches.  The  original, 
which  is  sent  to  the  client,  is  made  on  tracing  cloth.  A  positive 
print  (folded  so  that  it  is  ix9'/i  inches)  is  filed  in  numerical  order 
in  a  document  filing  case.  To  assist  in  making  the  certificates  of 
surveys  a  ruled  form  is  made  on  heavy  white  paper  and  pasted  on 
a   small   drawing  board. 

INDEXING  SURVEYS. 

As  soon  as  the  order  for  a  survey  is  taken,  it  is  indexed 
numerically  in  the  numerical  index  book,  and  the  survey  number 
put  on  the  upper  right  corner  of  the  order  card  (see  Fig.  B).  A 
page  of  the  numerical  index  bo<^  is  shown  in  Fig,  T,  When  the 
survey  is  laid  out  the  field  note  book  and  page  is  put  on  the  upper 
right  hand  corner  of  the  order  card  also.  When  ihe  survey  is  made 
and  note  book  sent  back  to  the  office  the  notes  are  checked  care- 
fully, the  date  when  hiirvey  was  made  and  by  whom  is  put  on  the 
order  card;  also  in  the  niunerical  index  book  with  the  book  and 
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page.  Then  the  note  book  ii  handed  to  a  draughtsman,  who  makei 
up  the  certificate  of  survey  and  indexes  it  in  red  ink  in  the  40-acre 
plat  book,  also  checks  it  off  in  red  ink  in  the  numerical  index  book. 
The  index  in  the  40-acre  plat  book  consists  of  date  of  survey,  book 
and   page,   and   survey   number,   thus; 

April,  19D5. 

J6  —  49  —  56 

8675S 
(see  also  Fig.  1).  When  the  report  is  ready  to  send  to  the  client 
the  6nal  date  is  entered  in  the  numerical  index  book  and  the  upper 
part  of  the  back  of  the  order  card  is  filled  out  (see  Fig.  B).  At 
the  end  of  the  month  the  time  and  expense  is  arranged  on  the  back 
of  the  order  cards,  then  ihey  are  arranged  alphabetically  with 
reference  to  clients'  names  and  put  in  a  cardboard  envelope  and 
filed  numerically  with  reference  to  year  and  month  in  a  filing  case. 
The  year  and  month  is  printed  on  the  end  of  the  envelope. 

INDEXING    MISCEIXANEOUS    SURVEYS. 

Miscellaneous  surveys,  such  as  profiles,  cross- sections,  topog- 
raphy, etc.,  are  indexed  in  the  numerical  index  book  the  same  as 
the  lot  and  land  survey,  also  on  the  order  card,  but  instead  of 
being  indexed  in  the  40-acre  plat  book  they  are  indexed  alpha- 
betically in  the  alphabetic  index  book  (see  Fig.  10),  The  surveys 
are  classified  into  four  classificaiions,  namely:  "Grading  Esti- 
mates," "Profiles,"  "Sewers"  and  "Miscellaneous,"  and  are  indexed 
alphabetically  under  the  proper  classification.  The  alpliabetic  index 
book  is  a  loose*leaf  post  binder  book,  and  has  an  alphabetic  side 
index  back  of  each  classification. 

INDEXING  RECORDED   PLATS. 

The  card  indent  system  is  used  lo  index  the  recorded  plats. 
They  are  indexed  alphabetically  back  of  alphabetic  tab-cards.  Each 
card  contains  the  name  of  the  addition,  section,  township,  range, 
quarter  quarter- section,  year,  year-number,  and  40-acre  number  (see 
Fig.  11).  The  year  and  year-number  aid  to  find  the  tracing  of  the 
addition,  as  it  is  filed  numerically  with  reference  to  year  and  year- 
number.  The  section  and  40-acre  number  aids  to  locate  the  addi- 
tion in  the  40-acfe  plat  books,  also  to  find  the  filed  print  of  the 
addition. 
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The  miscellaneous  maps  are  rolled  and  filed  numerically  in  a 
tiling  case  with  drawers ;  fifty  rolls  are  put  in  each  drawer.  The 
numbers  inclusive  are  printed  on  the  label  card  on  the  front  of  the 
drawer.  These  maps  are  indexed  first  in  a  numerical  index  book  for 
maps  and  then  alphabetically  in  the  card  index  for  maps. 


The  card  index  .'ystem  is  also  used  to  file  the  bench  marks  for 
office  use.  Plain  white  cards  are  used ;  one  bench  mark  is  put  on 
each  card.  The  divisions  in  the  drawer  are  defined  by  blue  cards 
with  a  l^-inch  projection  above  the  white  cards,  the  projection 
extending  one-third  the  width  of  the  card.  On  these  projections  are 
printed  the  names  of  the  streets  on  the  40-acre  lines.  The  bench 
marks  are  arranged  by  streets  that  are  on  the  east  and  west  40-acre 
lines.  All  the  bench  marks  that  are  on  a  street  on  a  40-acre  line 
and  between  this  street  and  the  street  on  the  next  40-acre  line 
south  are  arranged  back  of  a  blue  card  bearing  that  .street  name  in 
the  order  of  the  north  and  south  streets  commencing  on  the  west 
boundary  line  of  the  city  and  going  toward  the  east.  The  arrange- 
ment of  the  east  and  west  divisions  commences  on  the  north 
boundary  line  of  the  city  and  goes  toward  the  south. 

For  field  use  the  bench  marks  are  put  in  a  small  loose-leaf  ring 
binder  book.  The  arrangement  is  the  same  as  the  card  file  in  the 
office.     Each  field  party  has   a  bench-mark  book. 

Suiptementing  the  foregoing  article  on  city  turvcys  the  usual 
requirements  of  the  architect  as  to  surveys  in  Chicago,  according 
to  Mr.  S.  N.  Howard,  are  as  follows: 

"Lines,  grades,  angles,  location  and  elevation  of  sewer,  elevation 
of  walks  in  front  of  lot  and  adjoining  the  same  and  elevation  of 
-  ground ;  and  sometimes  in  addition  is  the  size  and  location  of  water, 
gas  and  electric  mains;  the  location  of  point  where  water,  gas 
and  electric  service  pipes  come  through  the  curb;  location  of  house 
drains;  the  location,  height  and  plumb  of  adjoining  buildings: 
thickness  of  party  walls  at  the  several  stories,  and  location  and 
depth  of  the  foundations  of  same."— Proc,  111.  Soc.  Eng.  and  Surv, 
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The  following;  descripiion  of  a  method  to  keep  track  of  trade 
literature  is  from  an  article  hy  the  writer  in  Enfcineerinic  News, 
March  8,  1!K)6: 

A  descrivtioii  of  fiiiwR  and  indexing  methods  for  (lie  ofRce  of 
an  engineer  <of  for  any  business  man  today)  would  not  be  com- 
plete without  reference  to  the  preservation  of  trade  literature. 
Some  of  it  is  of  a  high  class  and  worthy  of  preservation  and  care- 
ful indexing. 

The  writer  indexes  by  the  name  of  the  firm  and  by  the  prin- 
cipal articles  mentioned.  Some  of  the  pamphlets  are  indexed  by 
all  the  articles  referred  to  and  sometimes  a  copy  is  made  of  the 
index  of  the  pamphlet  or  calalognc  itself.  The  fulness  of  the  index 
depends  upon  the  character  and  prohable  future  value  of  the  pub- 
lication. 

A  card  index  is  provided  for  tliis  material,  which  is  entirely 
separate  from  all  other  indexes  used  in  the  office.  Fijinfi  cases  arc 
ttsed  of  the  right  s\7.e  to  take  the  matter  readily,  and  they  are  num- 
bered consecutively.  Each  pamphlet  or  catalogue  is  given  the  num- 
ber of  the  case  it  goes  into,  and  underneath  is  a  serial  number 
which  tells  at  a  glance  the  number  of  pamphlets  filed.  While  this 
latter  is  not  absolutely  essential,  it  adds  to  the  convenience  of  ref- 
erence to  the  publication,  and  it  is  also  useful  for  statistical  pur- 
It  i.s  well  to  put  in  these  cases  all  fraementary  literature  ob- 
tained from  all  sources,  such  as  clippings  from  papers  and  maga- 
zines,  occasional  volumes  of  society  proceedings,  etc.  Clippings  are 
usually  pasted  on  sheets  of  paper  and  put  into  envelopes.  Some- 
times they  are  pasted  into  scrap  books,  put  on  the  shelves  with  the 
filing  cases  and  numbered  with  them.  Sometimes,  when  a  letter 
tiling  case  is  used  they  are  filed  alphabetically  in  such  a  case.  No 
separate  classification  is  attempted.  The  trade  literature  is  com- 
ing in  every  day,  and  one  book  contains  so  many  items  it  is  im- 
possible to  make  a  classification  on  the  shelves.  It  is  best  and 
simplest  to  make  it  in  an  index. 

Pamphlet  filing  cases  can  be  purchased  that  look  well  on  a 
shelf,  being  made  with  book- imitation  backs.  They  cost  from  $3  (o 
$4  per  dozen.  The  writer  has  used  pasteboard  cases,  made  by  paper 
boxmakers  and  bookbinders  at  a  cost  of  from  1>5  to  20  cents  each. 
They  are  3  inches  wide,  7  inches  high,  and  at  the  open  end  are  11 
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inches  long  on  the  boltom  and  7  inches  long  on  top.     The  pamph- 
lels  therefore  are  on  their  edges. 

For  larger  catalogues  special  sizes  have  to  be  made.  The  filinK 
transfer  eases  made  for  the  Shannon  system  of  filing  letters  are 
very  good  when  purchased  without  the  attachments  to  which  the 
letters  are  fastened  when  transferred.  They  consist  of  a  case,  open 
at  one  end,  into  which  fits  a  piece  of  pasteboard,  bent  to  form  tw-n 
sides  and  one  end. 

The  writer  has  adopted,  and  intends  holding  lo,  cheap  letter 
files  that  can  be  purchased  in  any  stationery  store  for  from  15  to  20 
cents  each.  He  prepares  them  by  removing  the  index  sheets,  put- 
ting in  a  division  of  cigar  box  wood  to  make  two  filing  spaces,  and 
I)laeing  them  tike  drawers  in  a  case  made  tor  ihem.  The  inside 
dimensions  are  10x12  inches,  and  putting  a  division  in  the  middle 
gives  two  compartments  a  trifle  less  than  .5  inches  wide  by  10 
inches  long.  Every  catalogue  that  will  go  into  such  a  space  is  put 
there.    Sometimes  a  little  trimming  of  edge  is  necessary. 

Generally  the  division  is  made  so  that  one  side  will  he  S'A  or  7 
Liche,?  wide  by  10  inches  long.  The  other  side  will  take  small  cata- 
logues. On  the  outside  of  the  file  is  marked  the  width  of  the  divi- 
sion, so  the  indexer  can  tell  at  a  glance  whether  the  catalogue  he 
is  indexing  will  go  into  a  certain  file.  It  can  be  seen  that  serially 
numbered  publications  do  not  follow  in  order  in  filing  cases.  When 
a  case  is  filed  a  small  letter  "F"  is  put  on  the  outside,  under  the 
number. 

The  odd  sizes  in  which  trade  literature  comes  is  a  nuisance,  btit 
fortunately  the  large-siied  publications,  printed  on  extra  heavy 
paper,  seldom  contain  anything  worthy  of  preservation.  They  seem 
to  be  gotten  out  to  feed  the  pride  of  some  one  or  other  and  to 
make  a  job  for  the  printer.  Such  expensive  work  is  thrown  away, 
except  in  so  far  as  it  tends  to  develop  the  art  of  printing  and  en- 
graving. Few  publications  having  pages  exceeding  9x12  inches  con- 
tain data  of  any  kind  that  is  valuable.  The  small  pocket  sizes  are 
often  crammed  with  useful  material. 
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CITY  ENGINEERS  RECORDS. 


The  too  common  fault  with  the  conduct  of  the  office  of  town 
or  city  engineer  in  the  small  place  is  that  records  are  poorly  kepi. 
Of  that  there  are  no  records  worthy  of  the  name. 

Rather,  it  is  a  misfortune,  not  a  fault,  as  the  trader  said  of  the 
blind  horse.  As  the  office  is  unfortunately  a  spoils  place  to  be 
fought  and  scrambled  for  yearly,  hy  men  who  should  possess  pro- 
fessional brotherly  love;  as  the  pay  is  poor;  the  bills  are  paid 
grudgingly  and  often  cut  down,  there  is  little  heart  left  in  a  man 
to  lead  him  to  keep  good  records  for  the  benefit  of  his  successor, 
who  may  have  maligned  him  to  secure  the  job. 

Nevertheless  he  is  a  public  officer  and  should  keep  complete 
records  of  all  work  done  in  his  official  capacity  during  his  incum- 
bency. If  he  walks  out  of  office  and  retains  notes,  the  lack  of 
which  will  embarrass  his  successor,  he  is  practically  a  thief. 

It  was  once  common  for  the  retiring  town  or  village  engineer 
to  retain  his  notes  when  he  went  out  in  order  to  sell  copies  to 
his  successor.  The  writer  knows  of  some  places  where  that  has 
been  done  within  the  past  year  or  (wo. 

All  surveyors  and  engineers  should  give  to  their  clients  plats 
and  records  containing  enough  data  to  enable  any  competent  man 
to  review  their  work.  The  public  is  the  client  of  the  engineer  who 
occupies  a  public  position,  and  the  only  manner  in  which  such  a 
client  can  be  served  with  the  proper  information  is  by  filing  it  in 
archives  for  the  information  of  the  public  for  all  time.  In  addition 
to  maps  and  notes  of  surveys  there  should  be  complete  plans, 
specifications,  details  and  reports  on  public  undertakings  during  the 
term  of  office  of  the  retiring  engineer.  ^ 

The  preceding  chapter  on  filing  systems  contains  many  valu- 
able hints  on  the  preservation  of  matter  of  interest  and  value  to 
engineers.    They  are  not  enough  in  detail — except  for  the  splendid 
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paper  of  Mr.  Gabelman— so  the  writer  intends  in  this  chapter  t» 
outline  a  method  for  the  use  of  town  and  city  surveyors  and  en- 
gineers. 

When  speaking  of  the  left  hand  end  of  maps  or  drawings  the 
end  held  in  the  left  band  when  examining  them,  is  meant 

All  sheets  should  have  a  border  one  inch  from  the  edge,  except 
that  the  border  should  be  two  inches  from  the  left  hand  edge,  to 
permit  of  binding.  A  good  way  to  bind  the  maps  until  enough  have 
been  collected  to  bind  in  a  proper  cover,  is  to  take  a  piece  of  heavy 
detail  paper  a  little  more  than  twice  the  length  and  an  inch  wider 
than  the  sheets.  Fold  this  and  through  perforations  in  the  left 
hand  end  of  each  sheet  put  brass  fasteners.  Do  not  put  more  than 
twenty-five  sheets  in  any  cover.  The  covers  can  be  hung  on  the 
wait  inside  a  cabinet  that  has  a  cover  closing  like  a  writing  desk. 
This  protects  them  from  dust  and  when  the  cover  is  down  it  makes 
a  table  on  which  the  maps  can  be  examined.  The  writer  has  used 
such  a  filing  case  for  a  great  many  years.  A  firm  of  filing  case 
manufacturers  obtained  patents  on  portable  cases  that  are  on  the 
same  general  plan,  but  much  better. 

Cloth  mounted  paper  is  expensive.  It  is  a  real  necessity  in 
an  office  where  the  records  are  to  be  consulted  for  years,  but 
many  engineers  can  not  alford  to  buy  great  rolls  to  cut  up.  For 
such  men  it  is  well  enough  lo  buy  good  drawing  paper,  white  or 
buff,  and  mount  it  themselves. 

The  writer  did  that  for  many  years.  He  does  it  yet  occa- 
sionally when  a  frequently  consulted  plan  or  drawing  on  un- 
moiinted  paper  begins  to  .show  the  need  of  care.  The  cloth  can 
range  from  fairly  open  cheap  bunting  like  butler  cloth,  to  a  heavy 
sheeting  or  the  best  of  linen.  The  piece  is  to  be  cut  somewhat 
larger  than  the  piece  of  paper  to  be  mounted  and  should  be  well 
wet  and  then  squeezed  until  fairly  dry.  Spread  it  on  a  smooth 
table  and  put  lacks  around  the  edge  about  one  inch  apart.  It  is 
to  be  stretched  tight.  Immediately  cover  it  with  paste  brushed  on 
to  fill  the  web.  The  back  of  the  paper  is  then  given  a  thin  coating 
of  paste  and  placed  on  the  cloth.  Put  one  edge  down  first  and  rub 
hard  to  press  out  all  air  bubbles.  The  other  end  is  to  be  kept 
elevated  and  slowly  lowered  as  the  rubbing  proceeds  toward  it. 
There  should  be  no  lumps  of  paste  and  it  is  absolutely  necessary 
that  there  be  no  air  caught  underneath.     Rub  the  edges  down  carc- 
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fully  and  leave  the  room  when  the  paper  is  Stock.  Refrain  from 
any  additional  handling  or  smoothing,  no  matter  tiow  badly  it 
looks  before  it  dries,  and  when  dry  it  will  be  all  right  It  should 
be  left  at  least  twenty-four  hours. 

For  duplicating  drawings  the  blueprint  process  from  tracings 
is,  of  course,  the  standard.  It  is  not  necessary  to  give  here  instruc- 
tions for  making  blueprint  paper,  as  it  is  so  cheap  and  can  be 
obtained  everywhere.  If  the  reader  has  never  made  blueprints 
there  arc  numbers  of  cheap  books  on  the  market  telling  how. 

Wherever  possible  the  writer  prefers  to  make  his  drawings  in 
colors  with  transfer  inks  and  reproduce  them  by  the  Hektograph 
process  or  by  the  clay  process.  This  tatter  is  a  vast  improvement 
cm  the  hektograph  and  nearly  all  instrument  dealers  can  sui^ly 
the  materials. 

On  all  his  detail  work  the  writer  uses  sheets  8^xU  inches 
<speci5cation  sheet  size),  and  draws  all  details  carefully  to  scale 
in  colors.  As  it  is  bard  to  scale  from  such  reproduced  drawings 
all  dimensions  are  marked.  The  details  then,  instead  of  being  on 
ctrnibrous  sheets,  can  be  bound  in  with  the  specifications. 

For  men  who  wish  to  use  the  helctograph,  owing  to  the  expense 
of  the  clay  outfit,  the  following  article  from  The  Am 
ehinist  will  be  of  interest : 


mccmii 

.g  thi.  hudr  copying 

proceu  Ii  I 

niibcd  by  H.   E.  Smilb,  chejJM 

tcM*  ol 

'  Ibe 

L«ke 

Shore 
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Old  Rahead  Journal: 

a«r  hide  glue,  1   lb. 

W>ter,  lyi  pti- 

Glycerin,  tyi  pta. 

The  g\M  ihould  b«  oC  ■  toad  quali 

ly,  >nd  th. 

:  kind  ' 

Ihsl  comes 

glue 

doei 

»  good  ruulta.     BrMk  tht  glue 

inlo  amall  piece. 

lod  soak  it 

in  w 
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night  in  ■  corend  vessel.  Then  melt  it  iti  >  water  bath,  and  add  the  glrcerln, 
which  rtould  preYiously  be  heated  to  the  same  timperitun  u  the  melted 
bIdC  Stir  only  ai  much  a*  la  neceaaaty  to  mix  the  glue  and  the  glycerin, 
aa  too  much  itlrring  introducea  air  bubblea,  which  are  difficult  to  remove. 
Pour  the  hot  mixture  through  a  cheeaedoth  bag  Into  the  pana.  When  the 
IHina  are  EUed  and  the  Jelly  is  atill  quite  fluid,  aweep  off  air  bubblea  or  ira- 
liuritiea  from  the  aurfice  with  tbe  edge  of  a  card.  Let  the  pant  atand  forty' 
eight  hourg  before  using.  This  formula  calli  for  much  l^si  witcr  tlian  usually 
leqidrcd    b;    othei    formulis,    lincc    it    is    preferred    to    accurc    Uu    requiaitc 
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with  htctogripb  ink.  In  nuking  the  negative,  moisten  the  lurfate  of  the 
pad  wilh  a  cold,  wet  iponge,  wiping  off  the  tma  of  moliture.  Dry 
off  with  ■  Dewspaper.  and  let  it  ilind  for  two  minulea.  Place  the  original 
face  down  on  the  pad  for  from  one  to  three  mintltts.  rubhing  down  to  a 
p«f«cl  contact,  aod  then  carFfulIy  remove.  In  printmg.  apply  a  clean  sheet 
of  any  kind  of  paper,  ao  that  it  touches  the  hectograph  at  all  points,  rubbing 
■a  little  la  ponible.  Never  uae  hot  water  for  removing  the  negative; 
ai  aoon  aa  the  copiea  are  all  made,  waah  off  with  a  sponge  and  cold  water 
and  dry  off  well  with  a  newapaper.  Never  let  the  pad  itand  with  ink  on 
it  after  the  copiea  aie  made,  and  always  keep  it  clOKd  when  not  in  use. 

When  coloring  drawings  to  be  reproduced  by  clay  block  or 
hekt<^Taph  never  wash  over  lines.  Where  solid  colors  are  to  be 
shown  put  them  on  hrst.  Draw  the  lines  over  them  if  it  is  found 
impossible  to  so  wash  the  colors  that  they  can  be  stopped  at  the 

On  such  drawings  different  colors  will  represent  different  ma- 
terials, and  this  is  to  be  indicated  on  a  corner  of  each  drawing. 

The  colors  used  will  he  according  to  the  judgment  of  the  man 
using  them  and  his  ability  to  keep  in  stock  the  required  pigments 
and  inks.  Usually  buff  wili  represent  wood  in  plan  and  light  red 
represents  wood  in  section.  Gray,  cast  iron ;  light  blue,  steel ; 
purple,  wrought  iron;  yellow,  brass;  orange,  ct^per;  black,  lead; 
carmine  or  crimstm  lake,  masonry.  In  addition  to  the  color  for 
masonry  letters  must  be  used  and  perhaps  some  conventional  signs 
as  well  to  indicate  whether  it  is  of  brick,  stone  or  concrete,  and 
whether  the  concrete  is  plain  or  reinforced.  Earth  will  generally 
be  represented  by  a  brown  and  slone  by  a  darker  buff  than  is  used 
for  wood  in  plan. 

For  maps  different  things  are  represented  by  the  colors  above 
mentioned,  which  are  for  construction  and  structural  drawings.  On 
maps  electric  light  and  power  lines  will  be  represented  by  red ; 
sewers  by  orange ;  water  pipes,  etc..  by  blue ;  gas  lines  by  green ; 
paving  by  light  yellow :  sidewalks  by  the  lightest  shade  of  gray. 

For  profiles  and  sections  of  excavations  use  light  brown  tor 
ordinary  e.-.rth ;  orange  tor  tough  clay;  light  red  for  hardpan; 
yellow  for  sand ;  light  gray  for  loose  rock ;  light  blue  tor  solid 

It  is  usually  convenient  for  reference  to  use  different  colored 
cards  in  the  card  index.    A  system  the  writer  has  found  good  is  to 
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use  blue  cards  for  waterworks  records;  green  for  gas;  l^t  red 

for  electrical  work;  orange  lor  sewers;  gray  for  sidewalks;  yellow 
for  pavements ;  white  for  surveys ;  buff  for  miscellaneous  records. 
The  man  adopting  such  a  system  can  extend  it  to  any  desired 
minuteness  and  paste  a  scale  of  colors  above   llie  index  box. 

Before '  leaving  this  subject  the  writer  wishes  to  make  a  few 
remarks  about  drawings  in  general.  The  inexperienced  man — and 
the  boy  fresh  from  school — are  disappointing  when  trying  to  ex- 
press themselves  on  paper.  They  are  trained  to  copy  what  they 
term  "standards"  and  rely  so  much  on  minulix  of  detail  that  their 
drawings  are  confusing. 

The  experienced  draughtsman  never,  or  seldom,  cc^ies,  lie 
remembers  details  that  have  been  called  lo  his  attention  and  in- 
corporates them  in  his  drawings.  He  never  draws  from  other 
drawings  or  models,  tut  uses  instead  the  rudest  kind  of  free  hand 
sketches,  often  without  dimensions  being  marked  on  them.  That 
is,  the  ready  and  experienced  man  sees  before  his  eyes  how  the 
drawing  will  look  when  completed.  He  is  as  ready  in  depicting 
what  he  wants  as  the  well-read  man  is  iri  choo.sing  words  to  ex- 
press himself.  He  does  not  cumber  his  drawings  with  too  many 
conventional  signs,  but  uses  as  few  lines  as  will  express  his  mean- 
ing. Another  marked  difference  between  the  drawings  of  the  ex- 
perienced man  and  the  inexperienced  man  is  that  the  former  is 
not  afraid  to  use  plenty  of  notes  on  his  sheets.  The  latter  seems 
(o  be  afraid  that  if  all  his  ideas  are  not  drawn  that  his  work  will 
not  be  understood. 

Remember  that  all  the  drawings  sent  from  the  office  of  an 
engineer  in  charge  of  public  work  will  go  into  the  hands  of  men 
not  skilled  in  reading  drawings.  Plain  line  drawings  with  little 
shading  or  with  few  attempts  at  finish  (other  than  extreme  neat- 
ness and  accuracy),  with  plenty  of  lettered  notes  where  they  will 
make  the  drawings  clear,  will  help  much  toward  having  work 
executed  right. 


The  following;  letters  and  systems  of  numbering  will  help  in 
keeping  track  of  work.     Reserve  letters  as   follows : 
A  for  sheets    9x12  inches  and  smaller. 
B    "       "       13xlS  inches  and  larger  than    9x12  inches. 
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C  for  sheets  18x24  inches  and  larger  than  ISxlS   inches. 

D     "        "       34x36      ' 18x24      '\ 

E    ".       "       30  inches  wide  and  too  long  to  go  with  "'D"  sheets. 

F    "       "       36  inches  wide  and  long  enough  to  roll. 

G  for  width  of  42  inches ;  H  for  width  of  49  inches ;  I  for  width 
of  54  inches;  J  for  width  of  60  inches. 
0  will  be  reserved  for  office  books;  T  for  field  books;  P  for 
paving  plats  and  record  books ;  S  for  sewerage  plats  and  record 
books;  W  for  waterworks  plats  and  record  books:  X  for  electrical 
plats  and  record  Ijoo^fs;  Y  for  gas  plats  and  record  books.  As 
everything  will  lie  numbered  consecutively  the  prefixing  of  the 
proper   letter    to   the   number   indicates   at   once   where   it   may   be 

In  designating  tracings  of  original  maps  and  plats  copied  from 
the  records,  the  writer  has  a  system  of  numbering  in  which  the 
first  two  numbers  indicate  the  year,  the  next  two  the  month  and 
the  last  two  the  day  of  the  inonth  on  which  the  map  or  plat  was 
filed  for  record.  Thus  "C  030207"  stands  for  the  7th  of  February, 
JWS.  and  the  size  of  the  sheet  is  18x24  inches.  "C  981127"  stands 
for  the  2Tth  of  November,  1898,  and  the  sheet  is  18x24  inches. 

It  is  only  with  such  plats  the  regular  numbering  is  departed 
from.  For  all  other  work  each  piece  of  work  is  given  a  number 
as  soon  as  received  at  the  office.  This  number  belongs  to  that  piece 
of  work  and  no  other.  The  plats,  maps  and  drawings  are  num- 
bered consecutively,  regardless  of  the  job  number,  which   is  placed 

C947 

beneath  the  drawing  number  on  the  drawing  sheet,  thus :  

1392 

When  work  is  abandoned  the  discarded  plats  are  given  another 
consecutive  set  of  numbers  in  red  ink.  The  former  number  has 
a  heavy  red  ink  line  drawn  through  it  and  the  new  "Discarded 
drawing"  number  is  written  above  in  red  ink.  This  entry  is  also 
made  in  the  "Job  book." 

In  the  preceding  chapter  the  manner  in  which  the  "Job  book" 
is  used  is  sufficiently  described.  The  card  index  system  of  the 
writer  hardly  requires  any  further  explanation,  especially  when 
taken  in  connection  with  the  system  of  using  colored  cards,  de- 
scribed  above. 

The  writer  believes  that  a  city  engineer  should  have  a  Job 
Book  on  the  loose  leaf  system.     Certain  work  is  never  finished  in 
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a  city  and  as  additions  and  changes  are  made  the  index  shonM  be 
capable  of  indefinite  expansion.  In  the  Job  Book  a  simple  sub- 
traction of  the  red  ink  "Discarded  Drawing"  number  from  the 
lerial  drawing  number  indicates  the  number  of  "live"  drawings 
in  the  files.  It  is  ior  such  reason  the  writer  numbers  all  plats 
consecutively,  no  matter  what  size. 

While  the  letter  "A"  indicates  sheets  on  file  that  are  not  over 
9x12  inches  in  size  the  sheets  that  are  (he  size  of  specification 
pages  should  be  marked  ''sA"  and  be  tiled  in  separate  drawers 
until  required  to  be  attached  to  specifications. 

Instead  of  the  hektograph  or  clay  process  for  the  small  sheets, 
"positive"  tracings  can  be  used  and  each  one  colored.  So  far  as 
the  writer  is  aware  there  is  no  perfect  paper  on  the  market  that 
will  print  a  dark  line  on  a  light,  or  white,  backgroimd  directly 
from  a  tracing.  The  best  process  so  far  is  to  make  a  print  from 
a  tracing  on  thin  paper  that  turns  brown  instead  of  blue.  The 
lines  are  in  white.  This  when  dried  is  used  as  a  negative  with 
ordinary  blueprint  paper  and  the  print  obtained  has  blue  lines  on 
a  white  grotmd.  It  involves  the  making  of  a  tracing  and  also  of  a 
thin  negative.  The  hektograph  or  clay  process  requires  only  the 
making  of  one  good  drawing  and  the  printing  of  it  in  an  easy  way. 

SURVEYS    AND    RESUBTEYS. 

The  newly  elected  or  appointed  engineer  coming  into  an  oRice 
with  no  records  should  first  make  a  plat  lSxE4  inches  in  size  con- 
taining all  the  Government  subdivision  lines  for  three  miles  each 
way  from  the  center  of  the  town.  This  map  is  an  index  and  no 
dimensions,  bearings,  etc.,  are  to  be  marked  on  it.  Simply  mark 
and  number  the  sections,  township  and  range.  This  plat  should 
be  hung  on  the  wall. 

Make  tracings  on  cloth  or  tough  tracing  paper  of  all  the  plats 
on  record  in  the  County  Recorder's  office  covering  that  district. 
Each  plat  to  be  on  a  separate  sheet  Paste  these  tracings  to  heavy 
detail  paper  sheets  18x24  inches  in  size  with  a  one -inch  border 
on  three  sides  and  a  two-inch  border  on  the  left  end. 

In  the  upper  right  hand  corner  place  the  number  (as  already 
described)  indicating  the  date  of  filing  for  record.  The  plats  will 
be  on  many  different  scales  and  the  tracings  are  supposed  to  be 
true  copies  of  the  plats.  Make  books  of  these  sheets  and  file  them 
serially  by  date.    When  one  is  made  draw  an  outline  to  scale  on 
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the  index  plat   hanging  on  the   wall  and  place  in   this  outline   the 
number  the  sheet  bears.    On  the  outside  of  the  cover  of  the  book 

containing  the  plats  place  the  numbers  "From  No. to  No. ." 

When  time  permits  forty-acre  books,  section  books,  etc.,  should 
be  prepared  as  described  by  Mr.  Gabelman  in  the  preceding  chapter. 
Mr.  Gabelman  and  the  writer  are  so  close  to  each  other  in  their 
methods  of  keeping  track  of  such  matters  that  his  method  will 
serve  the  man  who  wants  to  start  right  and  keep  it  up. 

It  will  be  noticed  that  the  writer  simply  uses  a  slightly  dif- 
ferent method  from  Mr.  Gabelman  in  taking  care  of  the  original 
copies  from  tbe  records.  He  afterward  reduces  them  all  to  one 
scale  in  boc^  and  if  ties  are  uncertain  or  are  missing,  goes  out 
in  the  field  and  makes  them.  Then  when  subdivisions  are  platted 
in  between  they  will  fit. 

The  books  are  not  bound  until  twenty-five  or  thirty  sheets 
are  put  in  each.  Sometimes  they  are  never  permanently  bound. 
Changes  are  made  and  the  sheets  are  taken  out  and  altered.  The 
making  of  such  records  is  good  pastime  for  rainy  and  dull  days 
and  keeps  men  from  growing  lazy. 

No  time  should  be  lost  in  making  plals  to  connect  the  recorded 
plats  on  one  common  scale.  When  it  is  started  the  man  new  at 
the  work  will  be  astonished  to  see  how  hard  it  is  to  make  things 
fit.  If  the  work  is  delayed  until  a  survey  is  to  be  made  it  may 
take  several  days'  work  in  the  office  to  prepare  for  three  hours' 
field  work. 

The  foregoing  relates  almost  entirely  to  lot  and  street  line 
surveys.  It  should  be  the  business  of  the  town  or  city  engineer 
to  keep  such  records  and  not  leave  it  to  several  men  in  private 
practice,  each  with  a  personality  that  will  be  surely  injected  into 
the  work  done  by  his  office.  There  should  be  one  central  public 
place  of  records  and  the  records  in  private  offices  should  be  merely 

For  the  protection  of  the  public  no  building  permits  should  be 
issued  until  a  lot  has  been  surveyed  and  the  street  and  alley  line 
defined  and  marked.  The  plat  should  be  filed  in  the  office  of  the 
town  or  city  engineer  to  be  recorded  by  him  and  when  he  records 
it  and  properly  endorses  it  as  recorded  the  building  permit  may  be 
issued.  This  determines  responsibility  if  mistakes  are  made  in 
surveys. 

A  still  better  method  in  the  writer's  opinion  is  to  require  that 
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before  any  buildings  can  be  erected  the  eity  engineer,  or  some  of 
his  assistants,  shall  define  the  front  and  rear  lines  of  the  lot  and 
all  lines  that  may  affect  the  public  interests.  The  lines  between 
private  property  are  no  concern  of  the  municipality. 

The  latter  method  is  going  to  affect  the  business  of  engineers 
in  private  practice,  for  if  a  property  owner  is  obliged  lo  get  a  cer- 
tificate for  the  correctness  of  the  front  and  rear  lines  from  the  city 
engineer  he  wilt  naturally  employ  him  to  make  the  whole  survey 
and  not  pay  two  fees. 

The  way  to  get  around  this  would  be  to  have  Licensed  City 
Surveyors.  Every  man  wishing  to  make  surveys  that  will  be  ac- 
cepted by  the  city  in  lieu  of  surveys  made  by  the  Ciiy  Engineer 
shall  be  obliged  to  pass  an  examination  in  three  sections :  1.  His 
knowledge  of  surveying  in  general  and  city  surveying  in  particular. 
3.  His  knowledge  of  legal  decisions  affecting  tesurveys  in  cities. 
3.  His  knowledge  of  conditions  in  that  particular  city  and  his 
possession  of  complete  records,  at  least  as  complete  as  then  filed 
in  the  office  of  the  City  Engineer.  His  license  to  hold  for  one 
year  and  to  be  renewed  free  of  cost  upon  giving  satisfactory  evi- 
dence that  his  records  are  as  full  on  that  date  as  those  in  the 
office  of  the  City  Engineer  and  that  he  ha«  filed  notes  and  plats  of 
all  surveys  made  by  him  within  the  city  limits  during  the  year 
past  within  five  days  after  each  survey  had  been  made.  He  should 
be  under  $5,000  bonds  to  protect  the  city  in  case  he  makes  a  mis- 
take and  the  city  has  to  go  into  court  to  compel  owners  of  lots 
he   has  staked  out  to  vacate   public  property. 

l-HOI-tKIV    RECORDS. 

For   information  of  a  permanent  nature  relating  to  property 

lines  and  field  notes  the  best  plats  are  on  a  scale  of  100  feet  to 
an  inch.     These  i>1als  should  show  only  lines,  angles  and  elevations 

(the  latter  in  red  ink  figures)  finally  determined  by  resurveys,  and 
should  be  in  such  detail  that  any  competent  surveyor  can  retrace 
the  lines.  It  is  best  to  plat  them  on  sheets  24x36  i^jches  in  size 
and  when  a  sheet  is  full  have  it  adopted  by  the  Council  as  the 
official  map  of  that  district.  Such  plats  will  sometimes  take  many 
years  in  the  making,  for  information  will  be  added  to  them  until 
they  are  complete.  When  adopted  by  the  Council  they  should  have 
a  certificate  to  that  effect  placed  thereon  by  the  City  Clerk,  under 
seal,  and  be  tiled  for  record. 
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Such  plats  will  not  follow  Government  lines  so  far  as  their 
boundaries  are  concerned,  'J  he  writer  prepared  some  by  first  mak- 
ing a  map  of  the  city  and  all  its  additions  and  suburbs  on  a  .scale 
of  400  feet  to  an  inch,  and  this  was  divided  by  lines  into  many 
spaces,  each  space  representing  one  sheet.  The  spaces  were  reg- 
ularly numbered  and  lettered  and  the  sheets  filed  in  proper  order. 
Sheet  IT  was  near  the  center  of  the  city  and  was  the  tirst  one 
adopted  as  official.  Sheet  1  was  not  compieted  for  nine  years,  as  it 
was  in  the  suburbs. 

The  e1evatic«is  marked  on  the  sheets  were  the  official  grade 
elevations.    The  ground  elevations  were  put  on  in  contours. 

Monunients  should  be  placed  where  necessaiy,  but  that  will 
be   taken  up  in   a   following  chapter. 

Another  set  of  plats  is  required  and  these  phts  are  best  when 
about  18x24  mches  in  size.  The  scale  is  not  to  be  uniform,  as  the 
plats  are  for  the  study  of  particularly  troublesome  points.  On 
some  of  his  plats  the  writer  has  used  a  scale  of  ten  feet  to  an 
inch,  while  on  others  he  has  used  fifty  feet  to  an  inch.  He  has 
made  most  of  his  calculations  on  these  sheets  also,  for  the  plats 
themselves  often  occupy  only  a  small  space  in  one  corner. 

To  index  these  plats  their  number  should  be  put  at  the  right 
places  on  the  400  foot  scale  map  that  serves  as  an  index  for  the 
officially  adopted  plats  and  be  also  indexed  in  the  card  index. 


r  luiooiiS. 

All  work  should  be  so  done  in  the  office  that  when  the  city 
increases  in  size  and  departments  are  created  the  records  for  each 
department  can  be  taken  from  the  general  records  without  loo 
much  disturbance.  To  have  the  different  department  records  on 
colored  cards  is  a  start. 

There  should  be  a  map,  or  rather  a  nnnriwr  of  plats  on  a 
scale  of  200  feet  to  an  inch  for  sewer  work,  and  some  on  the  same 
scale  tor  street  work.  When  the  waterworks  come  into  possession 
of  the  city  similar  plats  should  be  made  for  the  water  department 
and  a  set  made  for  the  lighting  department  when  the  city  owns 
the  light  plant    These  plats  are  usually  about  24x36  inches. 

The  establishment  of  a  separate  department  then  means  the 
taking  of  the  plats  and  cards  from  the  office  of  the  City  Engi  leer 
to  the  department  head  office.  If  the  departments  are  still  under 
the  charge  of  the  City  Engineer  as  chief,  then  all  numbering,  etc., 
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should  originate  in  his  office  and  the  high  numbers  in  all  depart- 
ments kept  there  to  avoid  duplication. 

The  aOO  foot  scale  maps  for  sewers  should  show  the  siie 
and  depth  of  every  sewer  in  the  district  The  blocks  are  to  be 
simply  in  outline  and  have  no  dimensions  marked  on  them.  The 
map  lines  should  be  in  black  ink  and  the  sewers  in  red  ink.  Cir- 
cles represent  manholes.  Circles  with  a  dot  in  the  center  represent 
catch  ba'^ins.  Squares  represent  inlets  without  catch  basins.  Red 
circles  filled  with  blue  represent  flush  lanks. 

A  dotted  line  leading  from  the  sewer  to  the  clear  space  inside 
a  block  leads  to  a  lettered  description  telling  the  date  of  the  co 
tract,  number  of  contract  and  amount  of  work  done  on  that  co 
tract. 

The  street  maps  showing  street  improvements  and  paving  ma 
ters  should  be  on  the  same  scale  and  similarly  treated.     Adopt 
color    for   each   kind   of   pavement   and   wash    in   the    area   on   ll 
map  when  the  work  is  done.     A  doited  line  leading  into  the  block 
ends  where  a  concise  description  of  the'  work  is  givfn.     If 
car  tracks  are  in  they  should  be  shown  and  also  the  area  the 
ear  company  is  to  keep  in  repair. 

Wooden  curbs  are  shown  in  brown  lines;  stone  in  red; 
Crete  in  blue ;  wooden  sidewalks  in  light  brown ;  cinder  in 
gray;  concrete  in  light  blue;  brick  in  light  red. 

The  water  department  maps  will  show  the  water  pipes  in  much 
the  same  manner  as  the  sewer  maps  show  the  sewers. 

The  lighting  department  maps  will  be  made  on  the  same  plan 
as  the  sewei"  and  water  department  maps. 

While  (his  seems  like  a  great  deal  of  work  it  is  not  too  much 
for  a  man  and  his  assistants  to  do  and  is  a  wonderful  convenience.. 
When  departments  are  formed  the  city  is  not  required  to  go  to 
extraordinary  expense  to  have  the  records  copied  for  each  de- 
partment. 

STREET   OPENINf^,!!. 

Records  of  street  openings  are  kept  in  three  ways.  One  way 
is  to  use  a  card  index  and  show  it  on  thai.  A  second  way  is  to 
make  a  plat  of  each  block  in  a  book  having  pages  about  five  by 
eight  inches  ruled  in  squares.  The  blocks  can  be  plotted  to  scale 
as  each  permit  is  issued,  or,  rather,  as  the  first  permit  in  each 
block  is  issued.     One  book  should  be  used   for  each  department 
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(or  future  department.)  The  third  way  is  a  combination  of  book 
with  carda. 

The  plat  shows  the  two  sides  of  the  street  from  one  comer 
to  another,  including  one  crossing  at  the  end  of  the  block.  Flat 
on  the  street  thus  put  down,  the  sewer,  or  the  water  or  gas  pipe, 
etc.,  and  then  plat  in  the  right  place  the  connection  when  il  is 
made.  Mark  the  date,  elc,  and  number  of  the  index  card  and 
all  information  that  will  help.  In  this  connection  remember  llie 
plat  is  to  be  on  the  left  hand  page  and  the  other  page  can  be 
used   for   notes. 

The  card  index  should  be  by  streets  and  contain  all  partic- 
ulars that  will  be  necessary  in  determining  the  location  of  the  con- 
nections made.  These  cards  to  be  in  the  colors  selected  before 
for  the   departments   in  question. 


7  anglto  StraqntEdge 


The  cards  are  filed  alphabet  call  I  streets  F  Ic  them  reg- 
Mlarly  in  the  d  rect  on  of  the  house  numbers  The  permit  book 
has  numbered  stubs  so  that  s  all  tl  at  s  ceded  for  number  reference 
to  perm.'t. 

CONTOUR    MAP. 

The  City  Engineer  should  have  a  contour  map  on  a  scale 
of  400  feet  to  an  inch.     The  lines  in  black  should  show  only  the 
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outlines  of  the  blocks  and  need  not  be  marked  with  dimensions. 
Upon  this  map  should  be  platted  all  elevations  determined  at  any 
time,  and  when  enough  are  platted  the  contours  can  be  drawn 
in,  selecting  any  interval  the  judgment  of  the  engineer  dictates. 

For  interpolating  contours  the  writer  lias  used  for  years  a 
method  described  by  him  in  Engineering  Neu's,  May  10,  1900,  a 
cut  of  which  he  is  enabled  to  reproduce  by  the  courtesy  of  the 
editors.  The  elevations  are  written  at  the  proper  points  and  a 
dotted  line  is  drawn  connecting  two  points  on  which  the  elevations 
have  been  determined,  and  which  are  platted  in  their  relative  posi- 
tions. A  piece  of  ruled  paper,  marked  as  shown,  is  laid  at  any 
angle  and  one  end  is  at  one  of  ihe  points.  That  is,  the  figure  on 
the  slip  of  paper  is  the  same  as  the  elevation  of  that  point.  A 
triangle  is  then  laid  on  the  plat  so  that  the  edge  passes  through  the 
other  point  and  the  number  on  the  slip  that  corresponds  to  that 
elevation.  The  triangle  is  then  moved  along  another  triangle,  or 
a  straight  edge,  and  at  each  contour  interval  decided  upon  a  dot  is 
marked  on  the  line  connecting  the  two  points. 


In  the  issue  of  June  21,  19U0,  o£  the  same  paper.  Mr.  H.  F. 
Bascom,  C.  E.,  described  a  method,  original  with  himself,  which  is 
superior.  He  lays  a  strip  of  ruled  paper  along  a  line  connecting 
the  two  points.  This  piece  of  paper  has  no  ligures  marked  on  it. 
He  then  lays  on  top  of  it  another  strip  having  graduations,  such 
as  above  described.  This  last  strip  is  placed  at  an  angle  so  that 
one  graduation  touches  the  elevation  on  one  point  so  marked   and 
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the  other  end  of  the  strip  intersects  a  line  that  Intersects  the 
marked  elevation  of  the  second  point.  By  following  lines  to  the 
edge  he  plots  his  contour  points.    This  is  shown  in  the  illustration. 

For  a  ready  method  of  covering  a  large  area  preparatory  to  a 
study  for  sewerage  and  drainage  nothing  can  compare  with  the 
stadia  method  and  a  contour  map. 

The  old  time  tedious  calculations  for  reducing  stadia  readings 
have  been  superseded  by  diagrams  and  slide  rules.  Messrs.  W. 
and  L.  R  Gurley,  Troy,  N.  ,Y.,  sell  for  75  cents  the  Cox  Stadia 
Computer,  which  the  writer  has  used  for  a  number  of  years  with 
great  satisfaction. 

The  Cox  Stadia  Slide  Rule,  10  inches  long,  costs  $4.50,  and  a 
20-ineh  rule  costs  $12.50.  The  Webb  (cylindrical)  Stadia  Slide 
Rule  is  about  10  inches  long  and  is  so  made  that  it  is  equal  to  a 
straight  slide  rule  four  feet  long.  The  prirt  is  $5.00.  All  instru- 
ment dealers  sell  them. 

Stadia  diagrams  can  be  readily  made,  but  being  large,  are 
confined  to  office  use.  The  computers  above  mentioned  can  be 
carried  to  the  field.  The  formula  for  horizontal  distances  is: 
Rod  reading  x  Cos',  a.  Use  a  large  sheet  of  bristol  board  and 
along  the  lower  edge  draw  a  line  twenty  inches  long  divided  into 
twenty  parts.  Divide  each  part  into  ten.  From  the  left  hand  end 
describe  an  arc  with  a  radius  of  twenty  inches.  Number  the  di- 
visions on  the  bottom  line,  commencing  with  0  at  the  left  end  and 
ending  with  200  at  the  right  end  where  the  circle  begins.  By  the 
above  formula  compute  the  horizontal  distance  for  a  rod  reading 
of  200  feet  and  for  every  degree  up  to  about  twenty.  Plot  each 
distance  as  found  on  the  bottom  line  and  erect  a  perpendicular  to 
intersect  the  arc.  From  the  vertex  at  the  left  draw  an  inclined 
line  through  the  intersection  on  the  arc  and  produced  to  intersect 
a  perpendicular  erected  from  the  200  point  on  the  bottom  line. 

Such  a  diagram  is  shown  in  the  accompanying  illustration. 
Calculations  can  be  made  for  quarter  degrees  or  for  every  five 
minutes  if  desired  and  also  plotted.  Through  each  inch  point  on 
the  bottom  line  erect  a  perpendicular  in  black  ink.  At  each  tenth 
point  erect  a  perpendicular  in  fine  red  ink. 

Lines  can  also  be  placed  on  such  a  diagram  to  give  elevations, 
but  it  is  tedious  plotting  them.  The  writer  uses  another  diagram 
for  elevations.  He  first  obtains  the  horizontal  distances  on  such 
a  digram  as  above  described  and  for  elevations  makes  a  diagram  on 
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cross  section  paper,  ruled  in  squares.  The  vertical  scale  is  ten  times 
the  horizontal  scale  on  Diagram  2.  A  pin  is  inserted  in  the  lower 
left  hand  comer  and  a  thread  attached  to  it  On  the  right  hand 
side  angles  are  marked  by  taking  the  tangents  from  a  table  of 
tangents.  On  the  left  hand  side  the  elevations  are  marked. 
Stretching  the  thread  to  cover  the  angle,  the  horizontal  distance 
is  read  on  the  bottom  and  followed  up  a  vertical  line  to  an  inter- 
section with  the  thread  when  a  glance  to  the  left  will  give  the 
difference  in  elevation. 


yA 


B/^SStM,  lit'Vf  • 
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In  obtaining  the  horizontal  distance  from  Diagram  1,  an  arm  is 
made  one  inch  wide  and  about  twenty -four  inches  long.  It  is 
graduated  along  the  upper  edge  like  the  bottom  line  of  the  diagram 
and  under  the  n  point  is  some  reinforcement  of  heavy  paper.  A 
fine  needle  is  put  through  the  0  point  on  the  arm  and  on  the  lower 
line  of  the  diagram.  An  assistant  calls  off  the  angle  and  the  arm 
is  swung  to  it.  The  rod  reading  is  called  off  and  is  read  on  the 
arm.     .At   the   point   of   intersection    with   a   vertical    line    the   eye 
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drops  to  the  bottom  and  there  the  horizontal  distance  is  at  once 
read  off. 

Stich  diagrams  have  a  value  that  ordinary  slide  rules  and 
computers  do  not  have.  The  latter  are  graduated  for  a  fixed 
relation  of  the  stadia  wire  interval  to  distance.  It  occasionally  hap- 
pens that  stadia  wires  (fixed  wires  are  the  worst  offenders)  will 
change  interval  for  some  reason  or  other  and  instead  of  the  ratio 
being  1:100  it  may  be  1:98  or  1:103  or  some  other  ratio  equally  a 
nuisance  to  compute.  The  change  in  the  interval  is  sometimes  caused 
by  the  wax  softening  This  has  happened  to  the  writer  several 
times  until  now  he  uses  adjustable  wires.  The  interval  he  tests 
three  times  each  day  on  measured  lines. 

When  the  ratio  changes  (with  fixed  wires)  it  is  only  necessary 
to  ascertain  the  new  ratio  on  a  measured  line  and  make  an  arm 
to  use  for  it  instead  of  the  arm  that  is  regularly  graduated  for 
the  constant  ratio  of  1  :I00. 

While  on  the  subject  of  diagrams  attention  may  be  called  to 


the  following  figure  illustrating  a  rapid  method  of  assessing  cost 
of  work  on  frontage.  This  the  writer  has  used  often  for  esti- 
mates. The  cut  is  from  one  that  appeared  in  Engineering  News 
illustrating  an  article  on  the  subject  by  the  writer  some  years  ago. 


SUBSURFACE  CON! 

Under  the  above  title  The  Engineering  Record  of  April  1, 
J905,  printed  an  article  by  Hubert  S.  Wynkoop,  Electrical  Engi- 
neer. Bureau  of  Electricity  and  Gas,  Brooklyn,  N.  Y.,  with  a  plat 
which  has  been  redrawn  for  this  book  in  order  that  the  details  can 
l)e  seen  clearly.  A  reduction  of  the  original  cut  would  not  have 
been  clear, 
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He  explains  the  map  and  gives  the  reasons  why  it  is  necessary 
to  have  such  recordi.  To  engineers  and  contractors  operating  in 
towns  and  dties  fairly  well  supplied  with  modem  conveniences  his 
reasons  are  good.  To  men  in  small  places  where  the  work  of 
tearing  up  streets  may  be  said  to  have  hardly  conunenced  his 
article  would  hardly  appeal. 

Sometime  in  the  history  of  every  town  the  underground  pipes, 
conduits,  wires,  drains,  etc.,  become  a  great  annoyance  and  expense; 
All  for  lack  of  a  little  care  and  forethought,  or  perhaps  because  of 
downright  stinginess  on  the  part  of  the  first  oflkials,  who  would 
not  pay  the  cost  of  having  maps  made. 

The  writer  in  his  contracting  experience  has  many  times  been 
obliged  to  lower  water  pipes,  etc.,  when  putting  in  sewers,  because 
no  one  knew  when  the  plans  were  drawn,  how  deep  the  obstructions 
were  in  the  ground.  The  writer,  when  making  surveys  for  water- 
works and  sewer  systems,  bores  down  where  pipes,  etc.,  are  known 
to  be  and  puts  the  information  on  the  profile.  If  the  location  of 
the  obstruction  is  not  known,  then  of  course  no  borings  can  be 
made  to  ascertain  the  depth,  and  digging  trenches  across  at  every 
corner  is  too  expensive. 

The  lack  of  definite  knowledge  often  interrupts  public  work 
for  long  periods  when  obstructions  are  encountered  and  blocks  the 
street  until  enough  information  can  be  obtafned  to  permit  the  work 
to  proceed.  Or  until  the  company  owning  the  obstructions  can  be 
settled  with.  In  many  cities  troubled  with  sewers  backing  up  the 
trouble  is  found  to  be  with  pipes  run  through  the  sewers  by  work- 
men employed  by  gas  or  water  companies,  and  even  the  city. 

Mr,  Wynboop  says ;  "Let  no  town  deem  itself  too  small  to 
undertake  such  a  work  (i,  e.,  having  complete  records  prepared). 
Who  can  predict  what  degree  of  future  greatness  lies  in  store  for 
the  little  town?  As  to  these  maps,  I  advocate  then,  for  cities, 
targe  beginnings;  for  towns  and  villages,  small  beginnings;  but  for 
eadi  city,  town  or  village  at  least  a  beginning." 

Today  a  contractor  desiring  to  open  a  Philadelphia  roadway 
makes  application  for  a  permit,  stating  the  character  and  extent 
of  the  proposed  work  and  suggesting  an  approximate  location. 
When  the  permit  reaches  him  it  is  accompanied  by  a  sketch  drawn 
to  scale  and  indicating  the  locations  nf  existing  construction  as 
well  as  the  definite  location  assigned  for  the  proposed  work,    The 
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permit  is  accompanied  by  a  bill  for  the  information,  usually  charged 
for  at  from   two   to  five  cents  a   running   foot. 

The  above  suggests  a  method  by  which  (he  City  Council  can 
get  the  money  back  for  such  work.  Make  such  a  enlarge  that  ulti- 
mately the  work  will  be  paid  (or  by  the  men  who  open  the  streels. 
The  way  to  do  this  would  be  tp  establish  a  fund  and  all  fees  re- 
ceived will  go  into  it.  Also  the  bills  of  the  City  Engineer  and  his 
assistants  for  the  surveys,  plats  and  inspections  will  be  paid  from 
that  fund.    Of  course  it  would  mean  an  original  appropriation. 

The  Brooklyn  maps,  under  the  charge  of  Mr.  Wynkoop's  de- 
partment, are  19x27  inches,  on  linen  backed  paper.  The  scale  is 
20  feet  to  the  inch.  Dimensions  and  depths  are  marked  d'rectly 
upon  the  constructions,  but  distances  from  curb  are  indicated  by 
appropriately  colored  and  numbered  ofTsets  placed  back  of  the 
house  line. 

It  has  been  found  of  great  advantage  to  have  all  constructions 
placed  on  one  map  instead  of  having  separate  maps  for  water, 
sewers,  electric  lines,  etc.  The  map  then  shows  at  a  glance  all 
discrepancies,  missing  links  and  connections. 

The  color  scheme  is  as  follows :  Curb  lines,  house  lines,  tracks 
and  all  surface  or  supersurface  constructions  are  in  black;  all 
subsurface  constructions  are  in  colors,  as  indicated  by  the  parMi- 
thetical  notes  attached  to  the  key  on  the  cut.  Sidewalks  are 
washed  in  with  pale  yellow.  Practically  all  lines  are  solid,  the 
color    affording    sufficient    distinction. 

Several  other  readers  of  The  Engineering  Record  discussed 
underground  maps,  and  on  July  22,  IB05,  a  map  was  printed,  drawn 
by  J.  C.  Bush  of  Duluth,  Minn.  A  careful  inspection  of  this  map 
shows  a  wealth  of  information. 

The  writer  knows  towns  where  the  officials  of  the  privately 
owned  waterworks  and  electric  light  and  gas  plants  are  at  the 
mercy  of  the  superintendent.  He  has  fought  the  making  of  plats 
on  the  score  of  expense  and  at  first  the  officials  weakly  agreed. 
Afterward  they  could  not  get  them  made,  for  the  superintendent 
alone  knew  where  the  pipes  and  gates  were  and  refused  to  tell. 
A  number  of  very  old  and  inefficient  itien  hold  their  jobs  today  be- 
cause of  such  lack  of  method.  In  one  city  the  writer  was  em- 
ployed to  make  a  survey  after  the  superintendent  died  suddenly  of 
heart  trouble.  The  work  was  taken  by  contract  and  was  pushed 
as  expeditiously  as  possible.    The  cost  to  the  company  was  $l,*8fl.75 
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and  they  kicked  about  paying  it.  The  contract  price  was  $1,400, 
and  the  $86.TS  was  on  account  of  a  helper  putting  a  steel  line  rod 
through  a  wrought  iron  pipe.  The  cost  to  the  writer  was  $1,600 
and  a  few  cents.  He  will  never  again  undertake  such  a  piece  of 
work  by  contract.  There  was  too  ranch  loss  of  lime.  Old  employes 
had  to  be  hunted  up  and  their  statemcnis  substantiated  by  digging 
for  pipes  and  valves.  Sometimes  trenches  had  to  be  dug  clear 
across  streets.  Many  holes  were  dug  where  men  said  certain 
valves,  etc.,  were  located,  only  to  prove  disappointing. 


This  drawing  is  a  reproduction  of  an  illustration  from  the 
Street  Railway  Journal  August  15,  1905  showing  the  manner  in 
which  the  Birmingham  Railway,  Light  &  Power  Company  (Ala.) 
keeps  a  record  of  tracks,  etc.  The  drawings  are  made  on  sheets 
46x17!^  inches,  the  record  proper  hemg  within  border  lines  iZxlS'A 
inches.  The  character  of  the  pavement  is  indicated  by  lines,  mac- 
adam being  shown  by  diagonal  lines  run  from  lower  left  to  upper 
right,  brick  pavement  by  vertical  broken  lines,  granite  blocks  by 
double  sectional  diagwial  lines  from  lower  left  to  upper  right  and 
upper  left  to  lower  right. 

Froliles  are  made  upon  the  same  size  sheets  to  a  scale  of 
50  feet  horizontally  and  10  feet  to  the  inch  vertically.  The  man 
writing  the  article  does  i;ot  state  the  scale  of  the  maps,  but  the 
writer  presumes,  as  a  matter  of  convenience,  the  maps  will  be  to 
the  same  horizontal  scale  as  the  prohles.  The  drawings  and  pro- 
liles  are  intended  to  be  complete  and  show  class  of  construction, 
materials,  pavements,  character  of  special  work,  location  of  poles, 
and  in  fact  everything  that  may  directly  and  indirectly  affect  the 
work  of  the  company. 

POSTAL  CARD  RECORDS. 

Too  many  engineers  have  the  habit  of  putting  off  office  work 
until  winter  sets  in.  Much  valuable  data  is  collected  that  could 
be  of  use  to  all  the  assistants,  but  is  denied  them,  with  the  excep- 
tion of  the  man  who  has  done  the  work,  until  a  wet  season  gives 
an   opportunity  of  recording  the  data  in  proper   form. 

The  writer  has  used  with  good  results  postal  cards  addressed 
to  the  City  Engineer  or  to  the  man  in  the  ofiice  whose  business  it 
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is  to  keep  track  of  such  matiers.  The  cards  are  kept  in  a  pocket 
in  the  back  of  the  lieid  book  or  under  a  rubber  band  on  the  page 
opposite  the  record  page. 

When  a  bench  is  established,  or  a  line  point  or  mouumciit 
fixed,  copy  the  description  from  ihe  field  book  immediately  on  to 
the  postal  card.  Drop  this  in  the  nearest  mail  box  and  it  will 
turn  up  in  the  office  in  due  course.  The  proper  man  in  the  office 
will  at  once  make  an  entry  where  such  entrie^i  should  be  made. 
The  next  time  an  assistant  goes  to  the  field  he  will  find  fresh  and 
reliable  data  at  hand.  This  will  also  slop  the  pernicious  habii  of 
taking  field  books  from  the  files  out  to  the  field  and  probably  losing 
them.  No  field  book  should  ever  leave  the  office  after  it  is  full 
and  has  been  indexed.  This  system,  with  illustrations  of  forms, 
was  explained  by  the  writer  in  Engineering  Nea.'s  February  15,  1906. 


In  the  preceding  chapter  the  writer  has  given  a  system  for 
keeping  track  of  monuments  and  bench  marks. 

On  the  card  index  record  cards  a  full  description  of  the  point 
is  given  and  sometimes  on  Ihe  back  of  the  card  a  sketch  (not  lo 
scale)  is  drawn  illustrating  the  description. 

No  matter  how  many  departments  there  may  be  the  office  of 
the  City  Engineer  is  the  place  where  all  such  information  belongs 
and  duplicatas  of  his  records  in  the  departments  will  be  all  that  is 
necessary  if  the  heads  of  the  departments  wish  to  keep  such  rec- 
ords themselves.  That  is,  there  should  be  some  central  office  where 
all  information  in  the  way  of  bench  marks,  monuments,  survey, 
points,  etc.,  can  be  found. 


Dunham's  Plat  and  Profile  Book  is  a  fairly  useful  book  for  the 
purpose  of  keeping  profiles  in  shape  to  take  to  the  field. 

The  writer,  however,  has  found  it  a  good  idea  to  have  leather 
covers  made  9x*!4  inches  in  size  and  to  cut  profile  paper  into 
sheets  that  will  fit  these  covers.  Holes  are  punched  in  the  end 
and  brass  pins  used  to  hold  the  sheets  in  place.  Such  a  book  can 
hold  about  twenty  sheets. 

When  a  contract  is  awarded  for  sewers,  water  pipes  or  under- 
ground conduits  the  profile  is  platted  on  one  of  these  sheets  for 
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one  or  more  blocks,  together  with  all  the  information  necessary. 
On  the  back  ia  platted  the  block.  Sometimes  the  engineer  first 
uses  the  sheets  and  places  on  them  a.11  the  information  he  acquires 
from  setting  the  grade  slakes,  and  notes  changes  (if  any).  The 
draughtsman  in  the  office  inks  the  information  in,  leaving  the  old 
matter  stand,  but  crossing  through  and  making  corrections  in  red 
ink  where  changes  are  found  necessary.  Then  the  inspector  keeps 
it  on  the  job  and  marks  the  different  kinds  of  material  as  they 
arc  encounlered.  When  the'  job  is  completed  the  sheet  is  lurned 
into  the.  draughtsman,  who  finishes  it  for  the  purpose  of  record, 
in  accordance  with  the  scale  of  colors  already  mentioned.  The 
sheets  are  then  filed  by  streets  in  a  box  made  especially  for  them, 
or  in  tittle  books  of  fifty  sheets  each  and  card  indexed. 

The  pulling  down  of  the  infprmation  as  to  character  of  ma- 
teria] encountered  in  excavating  is  of  great  value  as  time  goes  oil 
After  a  while  it  enables  an  engineer  to  give  very  accurate  infonna- 
tion  and  make  close  estimates  when  trenching  and  excavating  work 
are  proposed. 

The  cut  here  presented  shows  liow  the  plat  is  made  and  how 
the  profile  looks.  The  marks  crossed  out  indicate  corrections  made 
in  red  ink.  Sometimes  the  procedure  is  as  follows ;  One  copy  is 
made  for  the  office,  one  for  the  engineer,  one  for  the  inspector, 
one  for  the  contractor  and  one  to  be  aliached  to  the  ofRce  copy 
of  the  contract.     Four  copies   altogether. 

The  cc^y  given  to  the  engineer  is  marked  by  him  as  to  ele- 
vations and  distances  when  the  work  is  completed  and  mailed  in 
to  the  oflice,  where  the  information  is  taken  from  it  by  the 
draughtsman  and  marked  on  the  office  copy.  The  inspector  then 
uses  his  own  copy  instead  of  one  already  marked  by  the  engineer 
and  puts  on  it  all  the  information  he  secures,  and  when  ihe  job 
is  completed  mails  it  to  the  office,  where  the  draughtsman  fakes 
the  information  from  it  and  corrects  the  oflice  copy.  After  both 
plats  have  been  received  fully  corrected  and  showing  the  work 
as  it  was  actually  done,  the  draughtsman  plats  the  information 
on   the  200   feet   scale   maps   in   the   sewer   department 

The  plats  for  the  waterworks,  gas  works,  street  paving,  etc, 
are  similarly  treated. 

The  writer  has  drawn  each  plat  very  often  and  he  has  also 
used  another  method  very  successfully.  He  had  a  rubber  stamp 
made  in  the  form  of  a  roller  which  printed  a  cross  section  plate 
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in  transfer  ink.  As  the  roller  was  complete  ttie  plate  could,  of 
course,  be  any  desired  length,  'ilic  width  was  iVi  inches.  On  the 
plate  thus  made  with  the  roller  the  profile  was  marked,  togetfaer 
with  the  line  of  sewer,  etc.,  in  transfer  inks. 

The  completed  sheet  was  then  printed  by  the  clay  or  hekto- 
graph  procesl.  The  plat  was  also  drawn  in  colors  with  transfer 
inks  on  another  piece  ol  r-..per  and  printed  on  the  back  of  the 
profile  sheet.  The  rubber  rolkr  was  marked  in  one-quarter  inch 
squares,  thus  making  the  form  known  as  Plate  A.  The  longitudinal 
scale  was  100  feet  to  an  inch  and  the  vertical  scale  four  feet  to 
an  inch. 

In  iome  cities  there  are  used  sheets  ruled  in  one-quarter  inch 
squares  on  which  the  plat  is  put  at  the  top  and  the  prohle  of 
surface  and  sewer  below.  The  sheets  are  prepared  a  long  time 
ahead  and  when  needed  the  work  is  traced  with  transfer  inks  on 
cloth  and  printed.  The  cross  section  lines  do  not  .show  on  the 
printed  theet. 

The  writer's  method  of  procedure  is  as  follows :  When  levels 
are  run  profiles  are  made  of  each  street  in  continuous  sheets  as  is 
customary  and  cross  elevations  are  checked.  This  information  is 
then  placed  on  the  400  foot  map  and  contours  drawn.  -When  a 
study  is  made  for  grades  the  proposed  grade  is  worked  up  on  both 
map  and  profile.  It  is  then  marked  in  lead  pencil  on  the  profile 
and  the  grade  ordinance  is  prepared.  After  the  ordinance  is 
passed  the  adopted  grade  is  put  on  the  profile  in  red  ink,  tc^ether 
with  the  date  and  number  of  the  grade  ordinance. 

On  the  contour  map  the  contours  of  the  original  grou::d  sur- 
face are  in  black  for  rock,  brown  (or  ordinary  soil  and  in  yellow 
for  sand.  When  a  grade  is  established  the  official  elevations  are 
placed  in  red  inside  of  circles  at  the  correct  points.  Then  the 
new  contours,  as  they  represent  the  surface  when  brought  to  grade, 
are  put  on  in  red  ink. 

An  immediate  study  is  commenced  for  sewerage  and  drainage, 
the  results  being  placed  in  lead  pencil  on  both  profile  and  contoar 
map.  When  the  time  arrives  for  action  and  the  work  of  putting 
in  the  sewers  or  drains  is  to  be  performed  the  lines  are  inked  in 
red  on  the  profile,  together  with  sizes  and  elevations  and  grades. 
The  work  always  remains  in  lead  pencil  on  the  contour  map,  for  it 
ii  a  working  map. 
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FOIMS    OF    Fi<OCEDUKE. 

It  IS  diflkult  in  such  a  kiok  as  this  tu  give  blank  forms  to 
'X>ver  all  cases,  as  proceedings  are  governe<l  by  statutes  and  the 
statutes  vary  in  all  the  States. 

Generally,  however,  the  work  of  the  engineer  in  connection 
with  public  improvements  may  be  arranged  as  follo^vs:  Work  orig- 
inates in  gne  of  two  ways,  by  petition  from  the  interested  prop- 
erty owners  or  by  some  m«nber  of  the  Council.  The  engineer  is 
then  called  upon  for  a  report  and  recommendation.  If  these  arc 
favorable  an  estimate  of  cost  is  niade.  It  is  well  to  make  the 
estimate  of  cost  as  soon  as  the  report  is  made,  for  it  may  be 
called  for  immediately  after  the  report  is  read  and  ordered  tiled. 

The  estimate  .should  include  a  definite  description  of  the  boun- 
daries of  the  proposed  improvement  and  of  the  limits  to  the  dis- 
trict to  be  assessed  for  the  cost. 

When  it  is  finally  decided  to  proceed  with  the  work  then  get 
from  the  heads  of  each  department  all  information  that  will 
enable  proper  plans  and  specifications  to  be  made.  Instruct  the 
street  car  companies,  electric  light  and  gas  corapanie.'i,  water  com- 
panies, underground  conduit  owners,  and  all  who  have  easements 
and  r^hts  in  the  street  that  the  work  is  to  be  done  and  direct 
them  as  to  what  they  have  to  do  before  work  can  commence. 
When  the  contract  is  awarded  send  proper  notice  to  ail. 

Have  regular  bidding  sheets  on  which  all  information  for 
comparison  of  bids  will  be  placed.  When  the  contract  is  awarded 
make  out  a  card  for  a  record  containing  the  number  of  ordinance 
under  which  the  work  is  done,  the  date  of  same,  dale  of  bidding 
and  date  of  award,  name  of  contractor,  amount  of  contract,  class 
of  work.  On  this  card  to  be  lines  to  cwttain  the  names  of  the 
inspector  or  inspectors  and  of  the  engineer  or  engineers  in  charge 
of  the  work. 

For  the  convenience  of  the  office  force  and  to  expedite  business 
the  writer  has  the  inspectors  supplied  with  two  sets  of  books.  One 
book  is  used  for  Monday,  Wednesday  and  Friday.  The  other  book 
is  used  for  Tuesday,  Thursday  and  Saturday,  The  inspector  is 
obliged  to  report  at  the  City  ffall  every  evening  and  turn  in  the 
book  for  that  day,  getting  the  book  for  the  next  daj'.  If  the 
distance  is  loo- great,  arrangements  have  to  be  made  for  an  ex- 
cliange  of  books. 
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The  books  are  ruled  in  squares  and  have  no  other  ruling.  On 
the  right  hand  page  a  lead  pencil  sketch  is  made  of  the  work.  As 
a  rule  il  is  platted  mi  a  scale  of  100  feet  to  the  inch  longitudinally  and 
ten  feet  to  the  inch  across  and  vertically.  It  does  not  take 
long  to  instruct  a  man  in  preparing  his  own  sketches  from  the 
profile  and  plan  given  him.  If  he  can  not  do  the  work  get  one 
who  can.    On  the  left  hand  page  he  puts  explanatory  matter. 

The  clerk  in  the  office,  or  the  engineer  himself  in  a  ver>'  small 
place,  makes  the  proper  notes  each  day  from  the  inspectors'  reports, 
and  when  the  work  is  completed  there  can  b«  no  extraordinary 
rush  and  hurly  huriy  to  give  finals. 

When  employing  assistants  see  that  each  one  completes  his 
work  on  time  and  leaves  nothing  to  be  done  later  in  the  season. 
Tf  field  work  takes  only  a  few  hours  each  day  see  that  ,the  neces- 
sary office  work  is  done  the  same  day,  and  then  let  the  men  go  for 
the  balance  of  the  day  if  they  wish,  instead  of  having  them  put  in 

a  few  hours  in  the  field  and  loaf  the  rest  of  the  day,  only  to  be 
upset  and  hurried  later  on  when  the  necessary  office  work  must 
be  done  by  a  certain  time. 

When  a  certificate  of  the  completion  of  any  piece  of  ^vo^k  is 
given  by  an  assistant  it  should  be  countersigned  by  the  chief.  He 
should  not  attach  his  signature  until  he  has  examined  all  the  rec- 
ords and  found  them  complete  as  concerning  that  job.  Until  his 
signature  is  attached  the  contractor  can  get  no  money.  It  is  not 
right  for  a  man  to  attach  his  signature  to  any  document  that  draws 
money  from  the  public  treasury  until  he  knows  that  all  the  records 

It  is  an  excellent  idea  when  much  work  is  going  on  in  several 
parts  of  the  city  to  have  alt  the  inspectors  supplied  with  postal 
cards  properly  ruled  on  the  back  to  mail  each  night  to  the  City 
Engineer,  giving  an  idea  of  the  progress  of  the  work  and  any 
matters  of  importance  they  notice  in  connection  therewith. 

HOUSE    NUMBERING. 

A  house  numbering  map,  or  set  of  maps,  is  required  if  the 
city  has  free  mail  delivery. 

One  method  of  numbering  houses  is  to  assign  100  numbers  to 
each  block.  This  is  convenient  when  the  city  is  laid  out  on  « 
rectangular  plan  and   follows  Government   subdivision  lines. 
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an  advantage  wlieii  the  blocks  are  irregular  in  sice 
^n  a  new  street  h  opened  or  a  street  is  closed 
The  writer  has  been  called  upon  to  devise  house  numbering  sys- 
tems for  a  number  of  places,  and  the  last  time  solved  the  matter 
in  the  following  manner : 

The  city  was  platted  on  a  scale  of  100  feet  to  an  inch  on 
sheets  of  cross  section  paper  ruled  with  ten  squares  to  the  inch. 
A  point  of  origin  of  numbers  was  selected  one  mile  away  from 
one  corner  of  the  city  limits  in  the  direction  it  is  believed  the  town 
will  have  no  growth.  Proceeding  from  that  point  each  ten  feet 
represents  an  odd  and  even  number.  The  odd  numbers  are  on 
the  right  hand  side  proceeding  from  that  point  and  the  even  numbers 
are  on  the  left.  This  gives  10S6  numbers  to  a  mile,  counting  the 
total,  or  53S  on  each  side  of  a  street  in  a  distance  of  one  mile. 

On  ihe  plat  the  lot  tines  are  marked  and  when  a  resident 
wants  his  house  number  he  measures  the  distance  his  door  is  from  a 
lot  line  and  a  glance  at  the  map  and  .a  measurement  tells  him  the 
house  number. 

From  the  selected  point  the  numbers  proceed  in  two  directions, 
and  the  writer  used  due  east  and  due  north  in  the  particular  instance 
referred  to.  When  curved  roads  or  roads  running  at  an  angle  are 
met  with  the  average  direction  of  the  road  determines  which  set 
of  numbers  to  select.  If  the  distance  is  east  or  west  of  northeast 
or  northwest  or  southeast  or  southwest  then  the  easterly  running 
numbers  are  selected.  The  length  on  the  lot  line  to  each  number,  of 
course,  is  greater  than  ten  feet.  If  the  average  direction  is  nearer 
north  or  south  Chen  the  northerly  running  set  of  numbers  is  selected. 

In  the  residence  district  where  large  yards  are  the  rule  there 
are  several  numbers  to  each  lot  that  may  never  be  used.  As  the 
business  part  of  town  builds  up  and  as  flat  buildings  increase  it  will 
be  seen  that  every  entrance  can  have  a  number.  As  no  attentitMi  is 
paid  to  blocks  streets  can  be  opened  or  closed  without  disarranging 
the  system  of  house  numbering. 

Where  a  town  is  located  at  the  junction  of  two  rivers  or  a 
lake  and  river,  etc ,  the  point  of  origin  can  be  taken  in  the  water 
jome  distance  away  from  the  town  Where  Ihe  town  is  located  in 
the  middle  of  a  prairie  or  a  spot  where  il  can  grow  indeRnilely 
in  any  direction  the  point  of  origin  should  be  taken  at  the  inter- 
section  of  the  two  principal  streets  and  the  numbering  can  proceed 
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either  way.     Knowing  that  each  number  represents  five  feet,  dis- 
tances can  be  closely  approximated  when  two  numbers  are  given.    ■ 
So  the  city   hall,   the   court   house   or   the  intersection   of   the   two 
principal  streets  become  good  starting  points. 

To  avoid  confusion  in  names  and  Ihe  letters  N.,  E.,  W.,  S.,  so 
often  a  nuisance,  names  might  be  given  the  streets  as  follows: 
111  the  northwest  quarter  (or  any  plher)  let  all  the  streets  running 
in  one  direction  be  numbered  and  be  called  streets.  The  streets 
crossing  them  at  right  angles  to  he  numbered  and  called  avenues. 
In  the  southwest  quarter  have  a  similar  arrangement  but  use  letters 
instead  of  numbers.  In  the  northeast  corner  use  (he  names  of  trees 
and  flowers  in  a  similar  manner.  In  the  northwest  use  (he  names 
of  local  celebrities.  For  wide  avenues  and  irregular  streets  use 
names  of  states,  etc.  It  would  mean,  for  example,  ihat  Elm  street 
would  stop  at  Massachusetts  avenue  (or  boulevard)  and  its  con- 
tinuation on  (he  other  side  would  be  Fifth  avenue.  This  is  better 
(ban  East  Elm  and  West  Elm,  In  many  cities  numbers  proceed 
cast  and  west  from  a  selected  street  or  a  canal  or  a  river  and 
the  streets  keep  their  names.  After  a  man  has  lost  an  evening 
traveling  to  visit  a  friend  on  26B9  Madison  avenue  he  finds  to  his 
disgust  that  the  friend  lives  on  W.  Madison,  but  in  writing  forgot 
(o  put  down  the  distinguishing  letter.  Not  knowing  there  were 
(wo  directions  to  travel  the  stranger  had  taken  a  car  on  Madison 
avenue  which  seemed  to  be  traveling  in  the  direction  that  woidd 
take  him  to  the  house  he  wished  to  visit. 

The  duplication  of  names  and  alleys  should  be  avoided.  Many 
cities  have  a  number  of  stree(s  with  the  same  name.  In  the 
al>ove  system  stick  to  the  streets  on  all  that  go  in  one  direction 
and  to  avenues  on  all  that  go  in  the  other  direction,  A  duplication 
of  names  will  not  be  confusing  then.  Streets  at  an  angle  with 
the  general  plan  will  be  called  boulevards  if  over  seventy  feet  wide 
and  avenues  for  any  other  width. 

If  there  happen  to  be  any  streets  in  circles  the  rectangular 
system  of  house  numbering  must  be  departed  from  for  those  streets. 
Select  a  starting  point  and  go  around  (he  circle,  giving  one  odd  and 
one  even  number  each  ten  feet. 

RECORDS  FOR  VERY   SMALL  PLACES. 

For  very  small  places  the  writer  advises  the  plat  book  contain- 
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ing  the  tracings  of  original  plats  on  ri.'cord  and  the  copies  of  tbem 
on  n  scale  of  100  feet  to  an  inch. 

For  record  books  get  books  having  pages  about  eight  by  four- 
teen inches  ruled  in  quarter  inch  squares.  Enter  everything  in 
these  books  each  day.  Make  plats  or  copies  of  written  notes,  plats 
of  surveys,  copies  of  reports,  finished  profiles,  cross  sections  for 
estimates  and  for  grading,  etc.  Omit  nothing.  When  one  book  is 
completely  filled  get  another. 

The  pages  should  be  numbered  and  the  contenls  card  indexed. 
A  number  of  places  use  such  records  and  they  are  amply  sufficient 
for  general  purposes  until  the  town  grows  large.  If  the  card  index 
is  complete  there  will  never  be  any  necessity  for  making  copies 
of  these  records  when  departments  are  established  or  when  the 
office  pays  enough  to  enable  an  engineer  to  install  a  more  compre- 
hensive system, 

A  separate  small  book  alphabetically  indexed  can  be  used  to 
keep  a  record  of  bench  marks  and  a  similar  one  for  records  of 
monuments  and  survey  points.  If  the  city  owns  the  waterworks 
or  the  lighting  plant  similar  books  can  he  used  to  locate  hydrants, 
valves,  gates,  transformers,  etc.  The  records  should  be  in  the 
large  books  and  these  small  books  contain  only  copies  to  take  to  the 
field. 


For  structures  Iry  and  keep  drawings  to  a  size  not  exceeding 
18x84  inches.  Such  drawings  should  be  general  drawings  only. 
Try  and  make  all  details  on  sheets  of  legal  size  to  bind  in  with 
the  specifications. 

For  street  and  sewer  work  and  for  laying  water  pipes,  gas 
pipes  and  conduits  there  should  he  a  general  plan  oi)  as  large  a 
scale  as  will  permit  it  to  be  platted  on  a  sheet  that  will  bind  in 
with  the  specifications.  This  plan  should  not  show  the  street  lines, 
but  merely  the  pipe  lines  with  the  names  of  the  streets  placed  along 
them. 

Mark  on  each  lir.e  the  sizes  and  approximate  lengths  of  the 
pipes  or  conduits.  Also  the  material.  Such  a  plan  gives  a  con- 
tractor an  excellent  idea  of  layout.  In  the  same  lot  put  a.  drawing 
of  the  cross  section  of  the  street,  if  a  paving  job,  showing  thickness 
of  each  layer  of  paving,  foundation,  etc. 

In  the  same  lot  of  drawings  show  all  details  and  all  special 


0.  Google 


3m  EXaiNEER/NG    WORK. 

sketches  necessary  or  useful  in  laying  out  the  work.  In  the  front 
of  all  have  an  index  alphabetically  arranged  and  at  the  bottom  of 
each  sheet  have  the  page  number  prominently  displayed  so  it  may 
be  readily  found  when  wanted  after  referring  to  (he  index. 

In  addition  have  a  plan  and  profile  as  before  described  on  a 
sheet  about  4>ix9  inches  of  each  block  separately  or  of  two  blocks 
if  they  will  go  on  the  sheet. 

Avoid  blanket  sized  sheets  and  sheets  crowded  with  details 
stuck  in  in  almost  any  imaginable  way.  Do  not  plat  a  .number  of 
drawings  and  profiles  on  one  large  sheet  of  transparent  profile  paper 
and  make  blueprints  from  it  It  may  be  convenient  for  the  engineer 
who  has  studied  over  it  when  working  out  the  matter,  but  it  is 
annoying  to  every  one  else.  It  argues  that  the  man  who  prepared 
it  might  be  lazy  or  stingy,  or  both. 

A  small  sized  general  plan  giving  dimensions  and  approximate 
quantities  on  each  block  is  a  wonderful  help  to  a  contractor  in 
distributing  his  material  and  in  prosecuting  his  work.  The  writer 
can  speak  feelingly  on  this  point,  for  be  was  a  contractor's  engineer 
in  many  places  where  he  wanted  to  do  serious  bodily  injury  to  ttie 
engineer  who  drew  the  plans  and  made  the  drawings. 

A  little  thought  for  others  is  a  big  asset  in  this  world.  To 
bind  all  the  profile  sheets  in  a  cloth  covered  pasteboard  back,  easily 
opened  and  referred,  to  on  the  40b  on  a  windy  day,  takes  very  little 
time.  Any  intelligent  man  can  do  it  and  it  ia  one  of  the  thingj 
that  brings  its  own  reward. 

Specifications  can  be  duplicated  at  tbe  lowest  cost  by  blue  printing.    Use  a 

shiny  and  smooth  like  the  paper  known  u  onion  akin.    Write  on  it  with  a  black 

100  light  an  impreaaion.  The  face  of  the  carbon  paper  will  bo  as&inst  the  paper  so 
that  when  the  work  19  done  the  black  Ink  from  the  typewriter  ribbon  will  be  on  the 
face  of  the  paper  and  the  black  impresuon  f  rom  tlie  carbon  will  be  on  the  tiack. 
These  aheeU  can  be  blue  printed  aa  readily  as  any  d".wing.  It  1%  nell  to  make 
the  signed  ori^nala  in  this  manner  and  corrected  copiea  can  be  made  whenever 
v-anied  at  a  cost  of  from  one  to  two  cents  per  sheet.  Black  pencil  caibon  is  not 
always  readily  purchased  for  tbe  majority  of  stationers  keep  blue  carbon  paper. 
This  is  a  good  method  also  for  reports.  By  umog  double  faced  carbon  tor  the  fiist 
sheet  a  doplicate  copy  may  ba  made  at  the  time  the  orjginBl  is  printed  on  the  back. 
By  usinR  thin  ink  carbon  for  other  sheets  a  number  of  carboncopies  maybe  made 
in  the  U5ual  manner,  this  method  having  the  advantage  that  copiM  ptay  be  pro- 
duced at  any  lime  in  tbe  future  by  simply  preserving  the  original  whkb  ia  written 
in  black  and  bigs  the  extra  impression  on  the  back.  The  aathor  uses  this  method 
altogether  now. 
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STANUARl)  T 


Sometimes,  but  very  seldom,  it  happens  that  a  city  laid  out 
years  ago  was  carefully  surveyed  and  monumented.  But  there  is 
a  difference  in  the  measurements  with  measuring  done  at  a  later 
date  and  the  dilTerencc  is  constant  and  in  one  direction.  It  is  no) 
an  error  but  if  good  judgment  is  not  used  there  will  be  errors 
introduced  by  reason  of  this  difference.  All  the  lines  should  be 
gone  over  carefully  between  monuments  with  a  standard  tape  and 
the  difference  ascertained.  Then  the  city  should  have  several 
tapes  made  which  will  be  correct  only  when  applied  to  work  between 
the  monuments  but  of  course  will  differ  from  a  standard  tape  by 
the  amount  of  the  constant  difference  found. 

An  ordinance  should  be  passed  forbidding  the  erection  of  a 
building  or  fence  in  the  city  until  the  applicant  foi*  the  permit  has 
had  the  lot  measured  and  no  one  should  be  permitted  to  do  the 
measuring  but  a  licensed  city  surveyor  or  an  employe  of  the  city 
engineer's  office,  and  it  should  be  done  with  one  of  the  tapes  made 
for   that   purpose, 

MEASUREMENTS. 

In  measuring  lines  too  great  care  can  not  be  exercised.  Steel 
tapes  graduated  to  hundredths  of  a  foot  are  the  best  to  use  and 
it  would  he  well  to  send  them  to  Washington,  D.  C,  to  be  tested 
by  the  government,  before  using  them.  It  takes  only  a  short  time 
1  to  using  a  spring  balance  on  th'  end  of  a  tape.  A 
1  spring  balance  can  be  purchased  in  nearly  any  hardware 
store  for  thirty-five  cents  which  serves  excellently.  It  is  about  nine 
inches  long  and  an  inch  in  diameter.  The  writer  uses  also  a  tape 
level  (on  which  he  obtained  a  patent  in  1S92)  in  nearly  all  his 
work.  It  is  attached  to  the  tape  by  clamp  springs  so  placed  on  the 
■Ml 
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bottom  that  a  simple  "twist  of  the  wrist''  attaches  the  level  to  the 
tape.  Some  engineers  prefer  a  level  on  each  end  but  one  is  suf- 
ficient. The  level  is  placed  about  one  foot  away  from  the  end  and 
the  tape  pulled  to  the  proper  tension  and  then  raided  or  lowered 
wntil  the  bubble  indicates  that  the  ends  are  at  the  same  height. 


After  this  it  is  not  necessary  to  pay  an/  more  aiiention  to  the  bubble 
for  a  man  can  keep  the  level  thus  ascertained,  easily  enough.  A 
hundred  foot  tape  requires  about  a  sixleen  pound  pull.  The  bub- 
ble shoilld  be  in  the  middle  of  the  tube  for  short  distances  of 
about  twenty-five  feet  or  less  and  move  toward  the  hand  tor  greater 
distances  (for  allowable  sag)  until  on  a  tape  one  hundred  feet 
long,  wiih  sixteen  pound  pull  it  js  almost  at  tbe  end  of  the  open 

Mr.  J.  C.  Sala,  instrument  maker,  429  Montgomery  street,  San 
Francisco,  Cal.,  recently  purchased  from  the  writer  the  patent  for 
the  above  tape  level  and  is  the  sole  manufacturer. 

For  measuring  on  streets  with  good  stiff  grades  and  where 
the  tape  has  to  be  used  in  short  lengths  the  best  method  is  to  use 
a  fifty  foot  tape  and  measure  on  the  slope,  putting  twenty  penny 
nails  at  the  end  of  each  measurement,  i.  e.,  at  each  fifty  feel.  The 
tape  should  be  hauled  taut  each  time.  Then  run  levels  over  the 
road  and  read  the  rod  carefully  at  each  nail.  The  distance  can 
be  reduced  to  the  horizontal  by  using  tables  of  squares  and  there 
will  be  no  danger  of  the  work  not  afterward  checking  out  This 
is  a  good  method  for  running  out  a  base  line  for  initial  surveys, 
and  for  triangulalion  for  sladia  work.  When  so  used,  instead  of 
nails,  place  stakes  at  the  end  of  each  measurement  The  stakes 
should  be  about  one  inch  square  with  chamfered  tops  and  a  tack 
in  the  center  on  top. 

A  further  advantage  possessed  by  this  method  is  that  data  is 
obtained  for  profiles.  The  stations  will  be  somewhat  irregular 
but  after  the  profile  is  platted  that  will  make  no  difference. 
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Monuments  should  be  either  of  granite  or  concrete  four  inches 
square  on  tc^  and  several  feet  long,  set  at  the  intersection  of  the 
center  lines.  The  top  should  be  a  few  inches  below  the  street  surface 
and  it  is  well  to  have  the  top  serve  as  a  bench  mark  lor  levels  as 
well.  The  bottom  should  be  larger  than  the  top.  A  good  tem- 
porary monument  is  made  of  a  two  inch  iron  pipe  two  feet  long, 
driven  into  the  ground,  filled  with  wood  and  having  its  center 
determined  by  a  nail  driven  in  the  top.  On  out  of  the  way  roads 
and  lanes  where  no  improvements  have  been  made  a  good  monu- 
ment is  made  by  taking  a  post  hole  digger  and  putting  down  a  hole 
two  or  three  feet  deep.  In  the  middle  of  this  hole  drive  a  slick  one 
inch  square,  exactly  centered.  Fill  the  space  around  with  a  lime 
paste.  Such  a  monument  is  cheap  and  lasting.  It  was  first  used 
by  George  C.  Power,  city  engineer  of  San  Buenaventura,  Cal. 

When  a  street  is  improved  the  monuments  should  be  carefully 
referenced  and  replaced.  It  is  a  good  plan  when  a  concrete  curb 
or  cement  sidewalk  is  built  to  place  in  the  cement  a  few  nails  from 
which  to  make  further  surveys  and  thus  avoid  the  nuisance  of 
tearing,  up  the  street  surface,  and  also  because  it  is  generally  easier 
to  work  along  the  edge  of  the  curb  than. in  the  middle  of  the  street. 

While  the  writer  mentions  the  location  of  monuments  at  the 
intersection  of  center  lines  it  is  not  intended  to  be  considered  as 
positive.  Circumstances  may  make  it  advisable  to  locate  the  monu- 
ment lines  on  off-sets.  A  common  plan  is  to  set  all  monuments  on 
streets  running  in  an  easterly  direction,  ten  feet  south  from  the 
center  tine.  On  streets  running  in  a  southerly  direction  to  have 
the  monument  line  ten  feet  east  of  the  center  line. 

While  the  exact  center  line  is  almost  always  the  clearest  line  a 
surveyor  can  obtain,  when  no  street  cars  use  the  street,  monuments 
placed  in  the  center  are  apt  to  be  disturbed  by  sewer  construction. 
In  fact,  it  is  hard  to  know  just  where  to  place  monuments  where 
they  will  not  be  disturbed  and  where  the  surveyor  can  always  use 
them  conveniently. 

The  writer  has  found  concrete  sidewalks  to  be  good  places  in 
which  to  set  monuments  and  a  distance  of  six  feet  from  the  property 
line  a  good  distance  out.  When  using  sidewalk  marks  or  monu- 
ments it  is  necessary  to  have  a  tripod  made  of  well  seasoned  wood 
or  strong  metal  tubing  to  hang  points  from.    This  tripod  should  be 
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Ecven  feet  long  and  have  gimbal  rings  in  the  lop.  Fastened  to  the 
gimbal  rings  should  be  a  straight  iron  rod  three-quarters  of  an 
inch  in  diameter  and  two  feet  long.  It  should  be  hung  in  the 
gimbals  about  the  middle  and  at  the  lower  end  should  be  a  ring  to 
which  to  attach  a  plumb  line.  Fastened  to  the  plumb  line  should  be 
a  plumb  bob  weighing  at  least  two  pounds  and  a  pasteboard  tube  six 
inches  in  diameter  and  two  or  three  feet  long  should  be  held  by 
an  assistant  to  protect  the  plumb  bob  from  being  swayed  by  passers 
by  or  by  the  wind. 

When  the  plumb  bob  is  exactly  centered  over  the  point  the  rod 
(which  is  painted  red  and  white)  is  of  course  erect.  A  shifting 
center  can  not  be  well  arranged  on  such  a  tripod,  which  must  be 
centered  by  shifting  the  legs. 

Another  method  often  used  for  sighting  points,  not  requiring 
the  attention  of  an  assistant,  is  to  have  a  pole  lo  stick  into  the 
ground,  with  a  plumb  bob  suspended  from  an  extension  end.  When 
the  pole  is  planted  the  extension  end  is  moved  until  the  plumb  bob 
is  directly  over  the  point.  Then  a  prop  is  placed  under  the  pole. 
Sighting  is  done  to  the  phimh  line.  There  are  many  such  ideas 
in  use  original  with  the  men  using  them.  Such  a  device  requires  to 
be  steady  in  the  joints,  and  very  rigid  in  every  way.  While  better 
than  a  man,  who  may  not  always  pay  attention  to  his  work,  it  is  not 
safe  to  leave  them  without  a  man  near  by  to  see  that  they  remain 
fixed  and  are  not  interfered  with. 

MARKING    OF    SURVEY    POINTS.  ' 

In  macadamized  streets  the  best  material  for  points,  to  be  used 
again,  are  twenty  penny  wire  nails,  the  heads  driven  about  one  inch 
below  the  surface  and  referenced  by  measurement  to  sidewalks, 
curbs,  fences  or  buildings.  In  unpaved  streets  wooden  stakes  one  or 
two  inches  square  with  bevelled  heads  driven  one  inch  below  the 
surface  will  last  a  long  time.  This  is  of  course  in  places  where 
there  are  no  monuments  or  on  parts  of  streets  where  it  is  a  long 
distance  to  a  monument. 

The  recovery  of  points  is  embarassing  sometimes.  Marks  on 
buildings  and  fences  are  liable  to  disappear  and  the  engineer  can 
hardly  be  too  particular.  He  should  make  sei'eral  ties,  choosing 
preferably  a  brick  or  stone  building  when  he  has  a  choice.  For  a 
point  in  an  earth  street  where  surveys  are  seldom  made  and  refer* 
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ence  points  are  liable  to  disappear  quickly  a  good  method  ii  to 
make  a  ring  with  a  fifty  fool,  or  twenty-five  foot  tape  and  on  this 
ring  drive  half  a  dozen  stakes  with  their  lops  flush  with  the  surface. 
Tacks  should  mark  the  exact  distance  from  the  point  to  be  pre- 
served. Tie  in  all  these  points  as  well  as  the  center,  and  when 
it  is  required  afterward  and  the  direct  ties  have  disappeared,  it 
may  be  found  when  any  two  of  the  tie  stakes  are  found  and  a 
measurement  from  each,  wiih  the  radius  of  the  circle,  will  intersect 
in  the  proper  place. 

The  markings  of  buildings  should  be  systematic.  A  common 
way  to  mark  a  line  measurement  is  to  drive  three  nails  or 
taclES  in  a  vertical  line.  It  b  tmderstood  that  *.he  middle  tack  is 
the  one  to  measure  from.  For  elevation  three  or  four  nails  in  a 
horizontal  line  with  one  projecting  slightly  for  the  level  rod  to 
rest  upon  is  a  common  method.  The  diagrams  in  the  record  books 
describing  these  points  should  be  carefnlly  drawn.  Transmitted 
from  one  city  engineer  to  another  and  carefully  kept  up  such 
records  are  of  value.  Less  will  be  heard  then  of  the  disagreement 
of  surveyors,  than  is  now  heard  in  every  small  place. 

THE  RESUWEY  OF  LOTS. 

These  surveys  are  generally  made  for  building  purposes.  A 
diagram  is  given  the  party  ordering  the  survey  and  is  not  always 
drawn  to  scale,  but  shows  all  adjacent,  or  encroaching  improve- 
ments, together  with  the  amount  of  the  encroachment  or  the  dis- 
tance away  of  the  parts  on  which  the  marks  have  been  placed. 
Where  a  tack  has  been  placed  to  mark  a  line  it  is  indicated  by 
the  word  "tack"  and  the  distance  from  that  point  to  the  point  de- 
lining  the  lot  line,  is  marked  in  red  ink,  the  diagram  being  in  black. 
Elevations  above  or  below  certain  points  indicated  on  the  diagram 
are  shown  in  blue. 

In  the  resurvey  of  a  lot  there  are  four  cases  to  be  considere'l: 

First — There  may  be  a  monument  at  each  end  of  the  block. 

In  the  first  case  measure  carefully  from  one  monument  to  the 
other  and  distribute  the  difference,  if  any  is  found,  proportionately 
between  the  monuments,  unless  it  interferes  with  buildings  already 
erected  of  permanent  material.  In  such  case,  if  there  is  a  surplus 
and   the  client  can  be  given  his   land   without  taking   from  others, 
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make  an  adjustment  antl  note  it  in  the  records.  The  diagram  will 
show  the  client  he  is  safe  and  the  records  will  keep  foture  city 
engineers  from  getting  astray.  It  is  well  to  veriCy  the  monoments 
occasionally  from  others,  as  they  are  often  disturbed. 

Second — There  may  be  no  monuments,  but  there  may  be  build- 
ings already  erected,  supposedly  by  survey. 

When  buildings  or  fences  are  in  it  is  common  to  measure  from 
the  nearest,  assuming  it  to  be  correct  It  is  a  loose  practice,  but  if 
there  is  nothing  to  go  by  it  is  well  to  verify  from  each  end  of  the 
block  the  correctness  of  the  location  of  the  fence  or  building 
taken  as  a  starting  point  When  monuments  are  out  or  have  been 
disturbed  it  is  customary,  and  wisest,  to  treat  each  block  by  itself, 
regardless  of  others.  If  the  measurement  discloses  a  surplus  dis- 
tribute it  proportionately  between  the  points  or  buildings  disclosing 
it  and  if  there  is  a  deficiency  it  is  generally  safest  to  throw  it  into 
the  street  if  not  great  in  amount    The  sidewalk  can  stuid  it. 

Third — There  may  neither  monuments  nor  buildings  hut  the 
curbs  may  have  been  set 

When  curbs  have  been  set  it  is  customary  to  set  the  transit  on 
the  curb  line  and  sight  along  it  as  far  as  possible  to  get  a  clear 
sight.  As  curbs  are  seldom  out  more  than  an  inch  or  so  and  the 
sight  obtained  may  be  several  hundred  feet  while  the  depth  of  the 
lot  seldom  exceeds  one  hundred  feet,  an  error  in  the  side  line  from 
an  angle  turned  from  the  curb  will  be  too  small  to  consider.  Most 
of  the  lots  surveyed  in  even  large  cities,  lacking  regulations  over  this 
important  part  of  the  surveyor's  business,  are  surveyed  in  this  man- 
ner. So  long  as  there  is  no  grumbling  and  every  man  gets  his  land, 
while  the  city  has  enough  street  width  there  should  be  no  objection, 
provided  careful  records  are  kept 

The  curb  along  the  front  of  the  lot  gives  the  line.  The  curbs 
at  each  end  of  the  block  are  the  points  from  which  the  distance  is 
measured.  The  width  of  the  sidewalk  having  been  found  at  each 
side  line  of  the  block  that  distance  is  set  off  from  the  curb  and 
stakes  driven.  The  distance  between  these  stakes  is  then  measured 
and  compared  with  the  official  distance.  Any  surplus  discovered 
is  distributed  as  described  above.  If  the  distance  falls  short  each 
stake  is  moved  toward  the  curb  until  the  distance  agrees  with  the 
recorded  distance,  leaving  the  shortage  in  the  sidewalk.  If  the  for- 
mer surveyors  have  measured  from  each  end  of  the  block  and  the 
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buildings  occupy  so  much  space  that  the  client  can  not  get  his  land, 
show  him  the  facts  and  let  the  owners  fight  it  out 

The  end  stakes  having  been  adjusted  the  line  is  then  measured 
down  the  block  until  a  point  is  reached  in  front  of  the  lot,  where  a 
clear  sight  can  be  had  to  the  end.  Set  in  a  tack  point  for  the  transit 
and  turn  the  angle.  Measure  across  the  width  of  the  sidewalk  and 
set  in  a  stake  for  the  front  line.  Continue  the  measurement  with 
care  to  the  depth  of  the  lot  (which  it  is  presumed  has  been  ascer- 
tained by  measuring  on  tTIe  end  lines  of  the  block  as  described  for 
the  front).  Set  on  each  stake  and  turn  the  angle  to  set  the  comer 
stakes ;  or  mark  the  adjacent  buildings  or  fences,  which  is  preferable 
to  driving  stakes  liable  to  be  disturbed  during  building  operations. 
If  not  easy  to  measure  along  the  lot  lines  it  is  customary  to 
measure  along  the  curb  line  as  an  offset.  Then  the  marks  for  the 
side  lines  in  from  can  be  placed  on  the  curb. 

With  a  wooden  curb  set  three  nails  in  the  shape  of  an  "L," 
the  nail  at  the  angle  and  on  the  upright  portion  being  on  the  line 
and  the  other  nail  being  on  the  inside  of  the  lot.  These  three 
points  will  be  shown  on  the  diagram  and  the  distance  tnarked  to  the 
front  line  of  the  lot.     If  the  curb  is   stone  or  concrete  chisel   an 

If  the  block  to  be  surveyed  is  between  blocks  (not  necessarily 
adjacent  thereto)  having  curbs  or  buildings,  it  is  easy  to  carry  the  . 
curb  or  building  lines  across  these  blocks,  on  all  four  sides.  The 
comer  stakes  thus  found  can  be  adjusted  to  conform  to  the  dimen; 
sions  and  angles  given  on  the  official  plats  and  the  survey  proceeded 
with  as  above  described.  It  is  well  after  completing  (he  survey  to 
drive  at  the  block  corners  four  by  four  posts  with  tops  flush  with  the 
ground  and  having  a  nail  set  in  to  indicate  the  exact  corner  point. 
Future  surveyors  will  then  be  likely  to  perpetuate  these  points  by 
basing  their  surveys  of  lots  in  that  block  upon  them. 

Fourth— There  may  be  neither  monuments,  buildings,  fences 
or  curb  lines  within  reasonable  distance. 

If  the  lot  to  be  surveyed  is  in  a  block  not  near  one  having 
curbs  or  buildings,  and  where  there  are  no  monuments,  the  sur- 
veyor meets  with  problems  he  must  settle  for  himself,  according  to 
circumstances.  He  must  proceed  with  all  possible  care  with  the 
best  information  obtainable  and  should  be  chary  about  discrediting 
the  work  of  previous  surveys  and  re-surveys  until  he  has  actual 
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documentary  evidence  in  his  possession  which  will  convince  the 
most  ignorant  man  that  his  work  is  right,  even  if  il  does  not  agree 
with  some  previous  work.  ' 

It  has  been  remarked  that  "sarveying  is  an  art  and  not  an 
exact  science."  This  is  especially  true  in  cities  and  towns  where  the 
data  are  incomplete  and  yet  the  land  so  valuable  that  every  man 
wants  to  get  possession  of  every  fraction  of  an  inch  he  is  entitled  lo. 

The  judgment  of  the  surveyor  is  frequently  taxed  and  he  must 
reason  from  an  assumed  standpoint  with  correctness.  It  is  strange 
to  say  that  correct  results  can  be  reached  by  using  hypothetical ly 
correct  starting  points,  but  the  problem  is  simply  to  give  a  man 
his  land  so  he  can  occupy  it.  If  he  gets  a  piece  of  land  the  size 
he  paid  for  and  gets  it  without  interfering  with  the  rights  of  others 
and  with  no  danger  of  future  interference  who  can  say  the  sur- 
veyor was  wrtMig  in  scientifically  (?)  "fudging"  his  work,  so  far 
as  starting  points  are  concerned? 

At  the  close  of  Chapter  XIV  is  given  a  list  of  the  requirements 
of  the  modem  architect  as  to  information  to  be  placed  on  survey 
plats  for  building  purposes. 


Permanent  bench  marks  should  consist  of  concrete  posts  four 
or  five  inches  square  on  top  and  about  eighteen  inches  square  on  the 
bottom.  They  should  have  the  top  a  foot  below  the  grade  and  the 
bottom  should  go  below  frost  line.  As  a  usual  thing  they  will 
be  about  four  feet  long.  The  best  location  is  Just  inside  the  curb 
line  near  street  intersections.  There  should  be  a  box  a  foot  square 
put  around  the  top  to  protect  it  and  this  box  should  have  a  cover 
having  a  lock  to  which  only  the  engineer  and  somt  of  his  assistants 
should  possess  keys. 

Such  bench  marks  are  expensive  and  one  on  the  comer  of 
each  mile  generally  suffices.  Between  them  the  engineer  can  estab- 
lish elevations  on  parts  of  buildings,  hydrants,  valve  gates,  etc.  Ele- 
vations on  hydrants  and  such  objects  should  be  checked  ever>' 
time  they  are  used,  for  they  are  not  stable.  For  permanent  work 
only  the  standard  bench  marks  should  be  used.  The  others  are  for 
use  during  construction  only. 

Benches  on  stone  or  concrete  curbs  are  often  more  satisfactory 
than  on  hydrants.     It  is  only  a  few  minutes'  work  to  read  and 
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record  elevations,  so  the  engineer  should  always  have  several 
elevations  close  together  where  they  can  be  reached  at  one  set  up. 
Check  on  all  before  using  one. 

For  lines  of  levels  the  limit  of  error  in  feet  should  be  kept 
down  to  0,04  times  the  square  root  of  the  distance  in  miles.  All 
levels  should  be  run  in  circuits  and  close  on  the  starting  bench,  or  on 
some  bench  previonsiy  checked  from  it. 

In  running  the  first  levels  for  benches  in  a  town  it  is  a  good  ide? 
to  run  a  line  around  the  outer  boundary  and  close  on  the  starting 
bench.  Then  adjust  the  elevations  on  each  point  read  and  run  cross 
lines  each  way.  The  engineer  can  not  have  too  many  points  of 
known  elevation.    He  generally  suffers  from  not  having  enough. 

SETTING    STAKES    FOR    WORK. 

The  writer  has  little  use  tor  stakes  when  there  are  fences, 
buildings  or  curbs  to  mark..  It  is  too  easy  to  render  a  stake  value- 
less and  make  it  dangerous  to  a  man's  reputation.  If  cuts  and 
fills  on  street  work  are  considerable  there  will,  of  course,  be  several 
sets  of  stakes  set  on  the  work.  The  final  marks  only,  need  be  set  on 
good  points. 

If  the  grading  is  only  a  foot  or  two  deep  the  best  way  to  set 
marks  is  to  measure  along  the  edge  of  the  sidewalks,  or  along 
the  front  of  buildings,  and  put  in  nails  at  regular  intervals  and 
number  them.  Measure  over  and  set  a  nail  at  each  end  of  the 
block  on  the  curb  line.  Set  the  transit  on  one  curb  nail  at  one  end 
of  the  block,  and  sight  to  the  other.  A  leveling  rod,  reading  to 
hundredths  of  a  fool,  can  be  held  on  each  nail  driven  in  the  fences 
and  buildings  and  horizontally  across  the  curb  line.  The  engineer 
reads  the  rod  and  at  once  obtains  the  distance  out  from  that  nail 
to  the  curb,  which  distance  he  proceeds  to  record  in  his  book  and 
has  his  rodman  mark  in  lead  pencil,  or  black  crayon  on  the  building 
or  fence,  above  the  nail. 

After  getting  these  distances  out  he  proceeds  to  lake  the  eleva- 
tions of  each  nail  and  marks  in  blue  above  the  nail  the  height  it  is 
above  the  curb  or  below  the  nail  the  depth  it  i»  below.  A  diagram 
is  given  to  the  contractor  showing  all  this  information.  He  needs 
no  more  stakes,  but  proceeds  to  set  his  curbs  first,  then  excavates  for 
the  gutters  and  roadway,  sighting  across  from  furb  to  curb  with 
properly   graduated    stakes,   to    get    intermediate   heights    and   for 
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Clowning  the  roadway.    The  nails  are  then  in  position  for  checking 

at  any  time.  In  addition  to  these  permanent  marks  it  is  sometimes 
well  to  set  stakes  for  subgrade,  the  top  of  the  stake  being  at  the 
proper  elevation. 

When  given  to  the  contractor,  the  distances  out  from  the  nail 
to  the  curb  line  are  marked  in  blue  and  the  elevations  above  or  be- 
low are  marked  in  red  underneath  like  a  fraction.  A  plus  sign 
indicates  that  the  curb  lop  is  to  be  higher  than  the  tiail.  A  minus 
sign  indicates  that  the  curb  top  will  be  below  the  nail. 

There  are  several  ways  of  doing  everything  and  in  nothing  is  it 
so  marked  as  in  staking  out  work,  especially  for  sewer  construction. 

The  writer  has  been  required  to  set  two  stakes  to  grade,  one 
on  each  side  of  a  trench  and  at  such  a  height  above  the  bottom 
that  the  stakes  were  either  below  the  surface  or  just  flush  with  it. 
The  stakes  were  four  inches  square  and  a  trench  was  dug  from 
one  to  the  other  and  a  two-inch  plank  spiked  to  them.  The  top  of 
this  plank  was  then  a  definite  distance  above  the  bottom  and  level 
from  one  stake  to  the  other.  The  earth  was  tamped  in  round  the 
planks,  which  were  set  some  time  before  construction.  They  were 
used  by  stretching  a  string  or  fine  wire  from  one  to  the  other  along 
the  center  line  of  the  trench,  from  which  the  inspector  measured 
down  to  the  pipe. 

He  bas  been  required  to  give  stakes  on  the  bank  and  when 
the  contractor  had  excavated  to  within  about  six  inches  of  the 
bottom  to  set  grade  stakes  in  the  bottom  at  the  elevation .  of  the 
outside  of  the  pipe  on  the  bottom. 

He  has  been  required,  and  it  is  the  custom  now  in  many  cities, 
to  give  rough  stakes  and  when  the  contractor  had  excavated  nearly 
to  the  bottom  to  give  stakes  to  a  "gage  line."  With  pipe  sewers 
.  this  "gage"  line  is  six  inches  above  the  top  of  the  inside  of  the 
pipe.  With  brick  sewers  it  is  at  the  center  line  of  the  sewer,  half 
the  diameter  above  the  bottom. 

He  has  been  .required  to  set  stakes  on  the  bank  to  a  grade 
line  and  when  the  street  has  a  fairly  uniform  slope  this  is  accom- 
plished by  "plunging."  A  stake  is  set  at  each  end  of  the  trench 
at  a  certain  definite  height  above  the  sewer  grade  line.  The  level 
or  transit  is  set  over  this  stake  and  the  exact  height  measured  with 
a  steel  tape  to  the  axis  of  the  telescope.  A  rod  with  a  ta^et  fixed 
at  that  height  is  held  on  the  other  stake  and  the  line  of  sight 
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directed  to  it  and  the  instrument  damped.  The  rod  is  then  car- 
ried along  the  line  and  held  on  stakes  at  diGFerent  points,,  which  arr 
driven  until  the  line  of  sight  intersects  the  center  of  the  target.  The 
work  is  checked  by  reading  again  on  the  iirst  stake.  Sometimes 
a  permanent  mark  is  placed  on  a  building  or  post  so  the  instru- 
ment maji  will  have  a  constant  check. 

If  the  slope  of  the  street  does  not  permit  of  "plunging"  then 
the  stakes  are  set  to  grade  in  the  ordinary  way.  Some  will  pro- 
ject considerably  above  the  surface  and  some  wilt  be  below  it 
When  either  thing  happens  a  change  of  one  foot  is  made  in  ele- 
vation. The  contractor  is  then  told,  or  rather  the  inspector  is 
told,  how  far  to  measure  to  the  grade  line. 

Sometimes  the  inspector  measures  carefully  and  sometimes 
he  does  not.  The  writer  does  not  approve  of  any  method  involv- 
ing the  setting  of  stakes  to  grade  where  they  are  likely  to  be 
disttu'bed.  He  does  not  approve  of  any  method  of  measurement 
except  from  a  string  or  wire  stretched  aliHig  the  center  line  of 
the  trench. 

His  preferred  method — for  circumstances  sometimes  make  us 
do  a  little  less  than  we  consider  best — is  to  set  the  line  with  a  tran- 
sit and  put  in  stakes  twenty-five  feet  apart  at  some  regular  distance 
from  the  side  of  the  proposed  trench.  This  distance  depends  upon 
the  character  of  the  ground  and  varies  from  six  inches  to  six 
feet  When  trench  machines  are  used  it  is  generally  six  feet  from 
the  center  line  of  the  trench,  to  avoid  being  disturbed  by  the  wheels. 

The  stakes  are  all  driven  flush  with  the  surface  or  an  inch 
or  two  below.  Then  elevations  are  taken  on  the  stakes.  A  profile 
is  made,  or  the  grade  elevations  are  computed  and  placed  in  the 
level  book  and  the  difference  taken.  The  differences  are  given  to 
the  inspector.  He  drives  a  two  by  four  into  the  ground  as  dose  as 
he  can  without  disturbing  the  stake  and  on  the  opposite  side  of 
the  trench  drives  another.  By  means  of  rule  and  carpenter's  level 
he  marks  a  line  on  the  nearest  two  by  four  by  actual  measurement 
from  the  grade  stake  according  to  the  figures  given  him  by  the . 
engineer.  He  puts  a  scantling  across  to  the  other  stake  and 
clamps  the  scantling  to  both.  The  carpenter's  level  is  used 
to  make  the  scantling  level  across  and  at  the  right  height. 
A  cord  is  then  stretched  along  the  center  line  from  one  scantling 
to  another  and  measurements  taken  from  it  to  the  sewer.     "Like 
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swallowing,  it  is  easier  done  than  described,"  as  Shunk  said  when 
telling  how  to  set  slope  stakes. 

For  measuring  down,  use  a  rod  one  inch  square  having  on  the 
lower  end  a  projeciion  making  an  exact  right  angle.  The  pro- 
jection is  generally  a  piece  of  round  iron  rod  and  the  depth  is 
measured  fron;  a  cut  on  the  pole  to  the  top  of  the  iron.  The  end 
of  the  projection  is  inserted  into  the  top  of  the  pipe.  To  insure 
verticalily  the  writer  generally  has  a  level  tube  inserted  into  the  rod 
near  the  top  or  has  some  arrangement  made  for  plumbing  It. 

MARKING  JUNCTIONS   IN   SEWERS. 

The  first  junction  in  a  sewer  is  generally  placed  at  a  distance 
of  twelve  and  one-half  feet  from  the  property  line  at  the  lower 
end  of  the  block.  .  From  this  point  on  the  junctions  are  placed  at  in- 
tervals of  from  twenty-five  to  fifly  feet,  depending  upon  the  contract, 
one  junction  pointing  to  one  side  and  one  to  the  other.  The  dis- 
tances are  recorded  by  the  inspector  by  a  continuous  measurement 
from  a  manhole. 

Inspectors  do  not  always  measure  accurately  and  records  are 
sometimes  lost.  Junctions  can  not  be  found  readily  and  plumbers 
make  connections  with  sewers  without  always  taking  proper  care. 

The  writer  for  many  years  has  marked  the  junctions  with 
stakes  set  in  the  trenches.  There  was  a  discussion  in  Engineering 
News  on  the  subject  two  or  three  years  ago  which  developed  the 
fact  that  it  was  a  common  custom  but  also  one  that  did  not  meet 
with  favor  with  a  certain  class  of  engineers  who  are  disposed  to 
think  measuremants  are  infallible.  To  mark  junctions,  use  pieces 
of  wood  one  inch  or  so  square  or  get  edgings  from  mills  near  by. 
The  writer  in  one  place  used  willow  branches.  Set  them  at  the 
junction  and  get  them  vertical  as  nearly  as  possible.  The  top  will 
terminate  a  couple  or  three  inches  below  the  surface.  When 
hunting  for  a  junction  it  makes  no  difference  how  poorly  the 
measurement  was  tor  the  record.  The  plumber  does  not  have 
to  dig  more  than  three  inches  before  commencing  his  search  for 
the  marker.  He  need  not  dig  deeper  until  he  does  find  it.  When 
found  it  is  only  necessary  to  go  straight  down,  following  the  stake 
to  the  bottom.  When  lie  makes  the  connection  he  should  replace 
the   marker   for   use   in   locating  the   other   junction   at   that   point. 

The  inside  of  thf  bottom  of  sewers   is  known  as  "bottom," 
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"invert,"  "flow  line"  and  "water  line."  There  may  be  other  desig- 
nations but  the  above  are  all  the  writer  has  encountered.  His  own 
practice  is  to  call  it  the  invert,  but  he  runs  across  many  who  under- 
stand only  the  word  'Txittom." 


For  buildings  and  other  structures  the  writer  generally  sets 
his  stakes  and  makes  his  marks  so  that  all  measurements  are  to 
the  exact  lines.  The  contractor  can  make  his  own  offsets.  Most 
contractors  prefer  to  do  so.  The  writer  does  not  always  set 
stakes  at  corners,  however.  Many  times  it  is  most  convenient, 
and  in  fact  best,  to  set  the  stakes  on  the  lines  of  the  buildings  two 
or  three  feet  from  a  corner  so  that  strings  stretched  across  will 
intersect  at  the  corner.  Like  lot  surveying  such  work  must  be 
left  to  the  judgment  of  the  man  doing  it.  Circumstances  always 
alter  cases. 


The  writer  has  several  times  been  called  upon  to  make  a  sur- 
vey of  a  small  place  and  give  grades  for  the  construction  of  side- 
walks. It  was  in  places  that  had  no  resident  engineer  or  surveyor 
and  the  people  did  not  want  to  call  one  in  every  time  a  sidewalk 
was  to  be  constructed.     The  method  he  adopted  was  as  follows : 

First,  a  good  point  was  selected  as  an  initial  bench  mark  and 
a  height  assigned  to  it.  From  this  point  careful  levels  were  run 
on  all  the  streets,  measurements  first  being  made  down  each  side 
of  each  street  and  the  "plus"  marked  at  the  side  of  each  door 
jamb  along  the  line.  If  the  buildings  were  back  from  the  street 
line  more  than  five  feet  a  stake  was  placed  on  which  the  plus  was 
marked  just  opposite  the  door. 

Then  levels  were  run  and  the  elevations  taken  on  the  door 
ledge  at  the  side  of  the  frame  against  the  house,  where  no  wear 
could  occur.  Where  stakes  were  set  to  mark  a  "plus"  they  were 
driven  flush  when  the  rodman  had  called  them  off  and  the  rod 
was  held  on  them  as  well  as  on  the  door  step. 

Elevations  were  also  taken  on  the  ground  on  each  side  of 
the  street  and  in  the  middle.  On  the  profiles  all  the  door  steps 
were  platted  and  the  elevations  marked.  When  the  grades  were 
fixed  the  elevation  pi  the  sidewalk  grade  opposite  each  door  was 
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marked  on  the  profile.  A  nail  with  a  round  bn^i  head  was  driven 
at  the  point  the  rod  was  held  and  a  book  given  containing  notes 
for  each  street  This  book  had  pages  ruled  in  columns.  In  the 
first  was  the  house  number  if  it  had  one.  The  second  column 
contained  the  distance  of  the  door  from  the  nearest  comer.  The 
third  contained  the  difference  ia  elevation  between  the  brass  headed 
nail  and  the  elevation  of  the  sidewalk  when  it  would  be  built 
This  was  given  in  feet  and  inches  and  eighths  of  an  inch.  The 
last  column  gave  the  name  of  the  owner  and  the  tenant  of  th^ 
house,  with  necessary  remarks. 

The  book  was  filed  with  the  town  or  village  clerk  and  when- 
ever any  carpenter  wanted  to  put  down  a  sidewalk  to  an  official 
grade  he  could  get  correct  information  from  these  records.  The 
book  also  contained  full  directions  for  laying  out  long  stretches 
of  sidewalk  on  grades  by  means  of  straight  edge  and  level. 

fn  making  surveys  for  sidewalk  and  other  improvonents  take 
the  following  readings: 

Property  line. 

Curb  line. 

Gutter. 

Center  of  street. 

Farther  gutter. 

Farther  curb  line. 

Farther  property  line. 

The  above  readings  should  be  taken  about  one  hundred  feet 
apart  when  the  street  is  on  a  slight  grade  and  does  not  require 
much  work.  Where  irregular  the  readings  may  have  to  be  in 
fifty  foot  stations.  Sometimes  less.  At  street  intersections  the 
readings  in  the  above  order  should  be  taken  on  the  diagonal  cross 
lines. 

STADIA    SllRVEVlNC. 

The  writer  has  always  made  great  use  of  the  stadia  method 
of  surveying  and  finds  it  about  as  low  in  cost  as  anything  imag- 
inable. For  city  engineers  it  is  especially  handy  on  tracts  of  land 
having  no  buildings  or  fences  to  mark  the  street  lines  and  where 
time  is  an  object.  In  such  cases  set  the  instrument  at  a  point  that 
can  be  readily  tied  to  the  lines  on  the  tract  on  the  office  maps  and 
make  a  stadia  survey.  The  map  can  be  plotted  and  all  the  contours 
placed  on  it  before  plotting  the  street  lines.    The  writer  has  found 
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it  a  help  in  platting  new  subdivisions  and  has  often  laid  out  tracts 
of  land  with  contour  roads  on  such  maps.  In  this  connection  the 
following,  from  an  article  by  the  writer  in  Engineering  News, 
May  11,  1905,  is  in  point : 

"The  blocks  (in  a  certain  tract  surveyed  by  him)  were  400 
feet  long  and  SCO  feet  wide  without  alleys;  streets  60  feet  wide; 
lots  25x100  feet.  All  the  above  dimensions  were  fixed  for  the  owner 
by  the  real  estate  agent  before  any  surveys  were  made.  The 
writer  had  instructions  to  lay  out  the  ground  on  this  plan  with 
rectangular  lots  and  keep  alt  street  grades  down  to  10  per  cent. 
Whenever  the  slope  of  the  ground  did  not  permit  such  a  grade, 
or  a  lighter  one,  he  could  deflect  the  roads  and  do  it  with  curves. 
Along  tlie  brow  of  a  steep  hill  he  was  to  run  a  curved  avenue 
and  what  the  lots  lacked  in  depth  could  be  made  up  in  width. 

A  stadia  survey  was .  made  of  the  steep  hillside  and  of  all 
parts  where  the  maximum  street  grade  might  be  exceeded.  This 
was  platted  on  a  scale  of  100  feet  to  an  inch  with  5-foot  contours. 
The  boundaries  of  the  tract  were  laid  on  the  map,  and  the  regular 
subdivision  as  planned  drawn  on  it  in  lead  pencil.  Fine  red  ink 
lines,  dividing  the  map  into  100-foot  squares  were  next  carefully 
drawn.  They  were  used  for  scaling  co-ordinates  to  check  the 
calculations. 

The  southwest  corner  of  Block  37  was  taken  as  the  point  of 
origin,  of  latitude  and  departure  points,  for  the  curved  road  com- 
menced in  that  block.  The  hill  road  was  stepped  ofi  on  the  con- 
tours to  the  proper  grade  and  curves  drawn  as  shown. 

It  will  be  readily  seen  how  the  latitude  and  departure  distances 
■were  obtained  for  all  the  lot  corners  up  to'  the  B.  C.  on  the  front 
of  lot  33  in  Block  27.  The  radius  being  normal  to  front  of  the  lots 
2,  10,  14,  18  and  half  of  22,  it  was  easy  to  calculate  the  latitude 
and  departure  for  the  center  of  the  circle.  Likewise  it  was  easy 
to  calculate  the  point  of  reverse  curve  and  the  E,  C.  of  the  following 
curve.  The  cenSral  angles  were  m^.asured  with  a  protractor,  but, 
if  the  calculated  distances  varied  more  than  5  feet  from  the  scaled 
distances,  the  angle  was  changed  and  the  distances  recaltnilated. 
This  was  a  paper  location  to  be  transferred  exactly  to  the  ground, 
as  a  map  was  to  be  completed  and  filed  before  a  stake  was  set. 
The  owner  was  anxious  to  sell  quickly. 

The  problem  was  to  get  the  lengths,  between  lots,  of  the  lines 
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terminated  by  the  sides  of  tlie  curved  roads  and  also  the  frontage 
length,  as  the  lawyer  insisted  that  "Lot  -'2  in  Block  27,  etc."  was 
not  a  sufficient  description   and  alt  distances  had  to  be  written   in 

Taking  the  hne  between  lots  23  and  26,  the  south  end  has 
Lat.  100  and  Dep.  300.  The  center  of  the  curve  has  Lat,  119.93 
and  Dep.  3C6,11.  Taking  a  point  due  west  on  the  lot  line  we  get 
Lat.  119.93  and  Dep.  300.  This  gives  a  right-angled  triangle  hav- 
ing an  altitude  of  6.11  feet  and  a  hypotenuse  of  100  (the  radius 
of  the  curve).  The  base  of  this  triangle  is  9B.M1,  which  added  to 
19.93  gives  the  length  of  line  between  the  lots  as  being  119,74  feet; 
Lat.  219.74 ;  Dep.  300. 

The  angle  at  the  base  is  3°  31',  hence  the  bearing  of  the 
hypotenuse  is  S,  3°  31'  E.  and  the  difference  of  angle  between 
radius  to  B.  C  and  radius  to  end  of  lot  is  14°  36'.  The  length  of  the 
circumference  of  the  circle  is  623.32  feet. 

360°    :  14°    36'   :    :  628.33    :  X 
therefore  the  length   of  the  curved   portion   of   the   front  of  lot   23 
is  25.49  feet. 

Similarly,  taking  a  point  on  the  line  between  lots  26  and  30, 
due  east  of  the  center  of  the  circle,  a  point  is  obtained  having  Lat. 
119.63  and  Dep.  350.  This  gives  a  right-angled  triangle  with  alti- 
tude of  43,89  feet  and  hypotenuse  of  100  feet  (radius).  The  base  is 
89.85  feet;  added  to  19.93  feel,  giv 
and  the  corner  on  the  avenue  betwi 
Dep.  350.00, 

The  angle  at  the  base  is  26°  02',  hence  the  bearing  from  the 
c?:^ier  of  the  curve  to  the  N.  E,  corner  of  lot  26  is  N  36°  02'  E. 
The  bearing  to  the  other  corner  we  found  to  be  N  3°  31'  W.,  so 
the  included  ^gle  is  29°  33'. 

360°    :  29°  33'    :    :  628.32   :  X 
therefore  the  length  of  the  curved  front  of  lot  26  is  51.58  feet. 

The   included   angle   between    radii   to   corner   between    lots   26 
and  30  and  the  points  of  reversed  curve  is  14°  51'. 
360°    :  14°    51'   :   :  £28.32   :  X 
therefore  the  length  of  the  curved  front  of  lot  30  from  the  corner  to 
P.  R.  C  is  35.02  feet. 
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To  check: 

Curved  front  of  lot  33 35.49   feet 

Curved  front  of  lot  3fi 51.58  feet 

Curved  front  of  lot  30 25.92  feet 

Total  length  curve    102.99  feet 

Total  included  angle  is  50". 

360°    ;  59°    :    :  62B.32    :   103.97    (check). 

The  lines  drawn  on  the  diagram  indicate  the  method  of  pro- 
cedure for  the  next  curve. 

Care  must  be  taken  to  check  all  calculations  by  measurement  on 
the  map. 

In  recording  the  map  the  dimensions  of  the  lots  as  found  are 
placed  on  it,  and  the  radii  of  all  curves  drawn  to  an  intersection, 
with  the  length  of  radius  marked,  together  with  central  angle.  It 
would  be  a  great  help  to  future  engineers  if  all '  Lat.  and  Dep. 
measurements  were  tabulated  on  the  map." 

C  — long  chord.  o      t     ,    ^ 

c^chird.  *^"~  ^  CO!  -5- 

jiD— defL  fore'.  « 

.\yf  T-Rtan4-        r    '     ~ 

'^'''      ^     ^  — ""—  E  =  Re..  s;c-^ 

T=- 

-C ^^V  Sio.  D  Chord  deil.  =-^' 

Sin.  D  — TT  ~ 

^        T    No.ofc=-j3- 
-  /  ■  "y'tan  -T-  Tan.  defl.  =  H 

^^^  Sin.  D  --—-—■  ''^^'"^  ^^^ 


The  foregoing  tells  how  the  calculatio:is  are  made  for  lot 
lines  when  curved  roads  are  run  in.  The  writer  has  never  seen  the 
subject  taken  up  in  text  books. 

To  stake  out  the  work  the  front  line  is  run  in  after  the  lengths 


0.  Google 


FIf-LI>    iroRK.  iW.i 

of  the  aide  lines  are  calculated.  Having  the  Lat.  and  Dep.  of  each 
of  the  two  corners  on  the  street  it  is  an  easy  matter  to  calculate 
the  bearing  and  distance.  Thus  a  crooked  traverse  line  is  run 
on  each  side  of  the  street  and  the  lot  comers  set  in  that  way. 
For  filling  in,  the  accompanying  fonjiulas  are  used  to  get  lengths 
of  chords,  sub  chords,  etc.,  and  the  lot  corners  being  the  B.  C. 
and  £.  C  of  the  curves  bounding  the  lot  a  check  is  had  on  each. 
The  writer  uses  chords  of  from  five  to  ten  feet  in  setting  out  (he 
cur\-es  and  the  carpenter  when  building  the  fence  drags  a  garden 
hosr  or  large  rope  around  them.  He  can  then  set  pegs  as  close 
together  as  he  wishes.  It  will  be  noticed  the  exact  curved  length 
is  given.  It  is  done  because  in  future  resurveys  some  men  will 
use   a   longer   chord    length   than   others. 

To  calculate  the  length  of  (he  angular  front  of  a  lot  or  block 
the  writer  generally  uses  a  table  of  secants.  The  width  of  (he  lot 
is  the  base,  the  front  is  the  hypotenuse.  The  difference  in  the 
bearing  between  the  straight  width  and  the  slant  front  is  the  angle. 
Multiply  the  width  by  the  secant  o£  Ihe  angle  to  get  slant  front 
To  get  the  difference  in  the  lengths  of  (he  side  lines  multiply  the 
tatigent  of  the  angle  by  Ihe  width.  Given,  the  slant  width  of  a  lot 
and  the  angle  a(  the  base  of  the  triangle  multiply  by  the  sine  of  the 
angle  to  get  the  difference  in  the  length  of  the  side  lines  and  multiply 
by  the  cosine  to  get  the  straight  width  across. 

If  (he  engineer  has  no  table  of  secants  he  can  use  the  follow-  . 
ib£   formula: 

Secant= 

fac  he  can  divide  the  straight  width  by  the  cosine'  of  the  angle 
lo  get  the  slant  front,  the  hypotenuse. 

The  writer  has  frequently  made  surveys  of  tracts  of  land  by 
the  stadia  method  and  laid  out  in  several  places  base  lines  with 
stakes  set  one  hundred  feet  apart,  connecting  his  instrument  sta- 
tions to  these  base  lines  by  careful  tape  measurements.  The  base 
lines  are  generally  measured  on  the  slope  as  described  earlier  in  this 

Very  careful  study  is  made  of  the  most  difficult  parts  of  the 
tract  and  in  some  cases  parts  of  roads  are  laid  out  on  the  ground 
at  (he  time  the  topographical  map  is  made.    All  the  data  having  been 
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obtained  the  contour  map  is  made  and  the  subdivision  platted  on 
it,  the  lots,  etc.,  being  calculated  as  already  described.  The  points 
on  the  base  lines  are  connected  to  the  lots  and  several  parties  can  be 
set  to  work  staking  out  the  lots  when  necessary. 

Periodic  discussions  arise  in  engineering  papers  over  curved 
roads,  as  much  trouble  is  experienced  in  relocating  them.  All 
the  trouble  can  be  obviated  if  the  man  who  does  the  original  work 
is  careful  to  give  full  notes.  He  should  place  on  the  map  ihe  in- 
formation already  mentioned  and  in  addition  put  on  the  center  line 
of  the  road.  This  is  best  tabulated  on  the  map  outside  the  plat. 
He  should  give  full  notes  for  a  traverse  line  consisting  of  the 
long  chords  of  each  curve  and  the  chords  of  reverse  curves  wiih 
B.  C.  and  E.  C.  and  P.  R.  C.  plainly  designated.  At  distances  closely 
approximating  five  hundred  feet  he  should  put  in  some  form  of 
monument.     He  can  not  err  in  putting  down  plenty  of  information. 

The  tabulated  information  will  have  a  column  giving  each  sta- 
tion number  and  a  column  for  the  LaL  and  Dep.  respectively,  of  the 
point.  Then  the  bearing  and  length  of  the  line.  Then  three  col- 
umns headed  respectively,  B.  C.,  P.  R.  C.  and  E.  C,  and  a  column 
giving  radius  of  curve  and  whether  to  the  right  or  left.  This,  of 
course,  for  the  center  line.  The  LaL  and  E>ep.  being  on  the  loi 
corners,  it  is  no  trouble  to  calculate  the  bearing  and  distance  to  any 
lot  comer  from  any  point  on  the  center  line  of  the  street 

In  one  place  where  the  writer  did  considerable  work  the  street! 
were  all  irregular  and  he  had  the  Lat.  and  Dep.  calculated  for  every 
corner  in  the  place  before  he  left.  Until  an  engineer  tries  such  a 
method  he  can  not  realize  what  a  convenience  it  is. 

A  useful  survey  was  made  with  the  stadia  in  a  town  laid 
out  with  irregular  roads  and .  where  the  original  notes  were  lost. 
The  maps  on  record  contained  no  notes  and  the  lots  were  simply 
numbered.     Encroachments  by  fences   were  numerous. 

A  tracing  was  made  of  the  maps  on  file  and  enlarged  to  a 
scale  of  fifty  feet  to  an  inch.  Then  a  stadia  survey  was  made  of 
fence  lines  and  buildings  and  platted  on  the  same  scale.  The  (rac- 
ing was  found  to  tit  on  some  individual  blocks  but  did  not  fit  as 
a  whole  so  the  adjustment  of  the  street  lines  was  made  block  by 
block.  The  stadia  map  was  inked  in  and  one  block  after  another  of 
the  enlarged  tracing  was  pricked  through  on  it  after  as  careful  an 
adjustment  of  the  lines  as  was  possible.    Some  of  the  fences  were 
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undoubtedly  correct  and  others  as  surely  wrong.  Latitude  and  de- 
parture squares  having  been  ruled  on  the  stadia  map  center  lines 
were  fixed  as  closely  as  possible  and  a  set  of  notes  computed.  They 
were  then  run  out  on  the  ground.  At  each  angle  point  measure- 
ments were  made  (o  each  side  of  the  street  and  the  points  shifted 
until  they  were  fitted.  Then  an  accurate  taped  survey  was  made 
of  these  adjusted  points  and  a  map  made  and  adopted  as  official. 
It  took  time  and  patience  and  when  finished  was  perhaps  as  nearly 
correct  as  such  a  survey,  made  after  so  many  years,  could  be  when 
few  original  fences  were  left  Many  of  the  stakes  in  existence 
were  claimed  to  have  been  changed  by  interested  property  owners 
as  the  man  who  made  the  map  simply  put  down  the  widths  of  the 
roads  and  numbered  the  lots  and  blocks.  The  original  map,  how- 
ever, was  carefully  made. to  scale. 

A  transit  used  for  stadia  surveying  should  have  a  horizontal 
circle  graduated  from  0  to  360,  preferably  to  the  right  (in  the 
direction  the  hands  of  a  clock  move)  so  that  90  represents  East ; 
180,  South;  270,  West.  Occasionally  the  O  represents  South,  90 
West,  etc.,  but  the  principle  remains  the  same.  It  is  convenient 
if  the  compass  circle  is  graduated  to  correspond,  for  the  needle 
then  checks  the  vernier  reading. 

Set  the  instrument  on  a  carefully  referenced  point  and  set 
vernier  "A"  (the  vernier  at  the  eye  end  of  the  telescope),  at  O. 
Let  the  needle  swing  and  move  the  whole  instrument  until  the 
needle  also  indicates  O.  Then  clamp.  Unclamp  the  upper  plate 
and  direct  the  telescope  to  some  point  as  a  foresight  'and  begin 
taking  the  sights.  In  the  book  put  down  "Set  up  on  Sta.  O,"  and 
write  a  description,  all  on  the  left  hand  page.  On  the  right  hand 
page  it  is  advisable  to  have  a  series  of  concentric  circles  spaced 
about  ten  to  the  inch,  the  center  of  the  circles  representing  the  sta- 
tion. Graduations  to  single  degrees;  can  be  marked  on  the  outer  ■ 
circle.  This  is  very  handy  for  sketches  and  when  such  a  book  is 
used  it  is  good  policy  to  use  one  page  for  each  station.  Sketching 
is  not  necessary  but  is  a  wonderful  help  when  there  are  many 
fences,  buildings,  etc.,  to  be  noticed.  The  writer  for  some  years 
used  "positive"  blue  prints  on  thin  paper  for  this  purpose  and  car- 
ried a  bunch  to  the  field  with  him,  pasting  one  in  each  page  of  His 
field  book.  Lately,  however,  a  field  book  for  such  work  has  been 
made  and  is  sold  by  Engineering  News. 
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The  columns  on  the  left  hand  page  are  as  follows : 

Horizontal  angle  (from  zero). 

Vertical  angle  (plus  or  minus). 

Rod  reading. 

Needle  reading  about  ev«ry  fifth  and  sixth  shot 

The  above  are  filled  in  the  field  and  the  sketches  made.  The 
latter  are  filled  in  the  office. 

Magnetic  bearing    (calculated). 

Total  elevation  above  datum. 

Horizontal  distance.  The  manner  of  calculating  distances  and 
elevations  has  been  described  in  a  previous  chapter. 

In  platting,  a  large  paper  protractor  is  used  with  the  center 
cut  out.  The  writer  draws  two  fine  lead  pencil  lines  on  the  map 
through  the  initial  point  and  lays  the  protractor  down  so  that 
they  intersect  the  four  ninety  degree  points  on  the  protractor.  The 
upper  edge  of  the  protraaor  is  pinned  to  the  board. 

A  piece  of  paper  is  glued  to  the  O  point  on  a  scale  and  a  fine 
needle  put  through  it  ai\d  inserted  in  the  sheet  at  the  station.  The 
scale  can  tlius  be  swung  around  in  a  circle.  If  the  protractor  is 
graduated  from  0  to  360  the  angle  readings  in  the  field  are  used. 
If  it  is  graduated  into  quadrants  then  the  calculated  magnetic 
bearings  are  used. 

First  the  bearing  is  called  off  and  the  scale  swung  to  it  Then 
the  horizontal  distance  is  called  off  and  platted.  Next  the  total 
elevation  above  datum  is  marked  at  the  point.  After  all  the  shots 
from  that  st&tion  are  platted  the  protractor  is  shifted  to  the  next. 

In  working  in  the  field  a  reading  is  taken  to  a  new  station 
and  carefully  read.  Vernier  "B"  is  also  read  when  the  station 
reading  is  made.  The  last  entry  at  the  old  station  is  the  one  to  the 
forward  station.  The  instrument  is  carried  to  the  forward  statical, 
vernier  "A"  is  set  at  the  reading  found  for  vernier  "B"  at  the 
station  just  left  and  the  backsight  taken.  The  rod  reading  should 
be  the  same  as  the  forward  reading  but  ibe  sign  of  the  vertical 
angle  will  be  different.  If  the  reading  does  not  agree  calculate  what 
the  difference  will, amount  to  and  act  as  seems  best  Usually  there 
will  be  a  slight  difference  and  a  mean  of  the  two  readings  will  give 
an  accuracy  that  will  be  as  close  as  one  requires  for  such  work. 
The  first  entry  at  the  new  station  is  the  check  reading  to  the  old 
The  telescope  is  not  reversed  as  the  above  description  shows. 
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In  shifting  the  protractor  on  the  map  the  procedure  imitates 
closely  the  field  method.  Through  each  station  point  two  lines  are 
drawn  at  right  angles  and  the  protractor  fitted  to  them. 

Sometimes  it  is  well  within  the  limits  of  accuracy  to  plot 
station  points  as  side  shots  ate  plotted.  Generally  it  is  best  to  make 
1.  traverse  survey  set  of  notes  of  the  stations  polygon  and  plat  it 
by  latitudes  and  departures.  Errors  will  then  be  confined  to  each 
station  point  and  will  not  be  cumulative.  If  that  is  not  done  it  is 
well  to  plat  the  stations  polygon  in  any  convenient  way  before 
plotting  the  side  shots.  If  errors  have  crept  in  on  the  lines  tRey 
can  be  adjusted  before  a  lot  of  work  has  been  done. 

When  carefully  done  the  limit  of  error  will  be  well  within 
the  limits  of  plotting.  An  error  of  1  :  900  is  not  particularly  good 
work  in  running  the  polygon.  It  should  be  nearer  1  :  1500  or 
1  :  2000  and  can  be  readily  attained  without  much  toss  of  time. 
As  wire  intervals  sometimes  change  a  steel  tape  should  be  carried 
and  once  in  a  while  a  line  should  be  measured  with  the  tape  and 
checked  with  the  stadia  rod.  If  the  wires  are  adjustable  then 
adjust  them.  If  they  are  fixed  wires,  merely  make  a  note  of  the 
new  interval  and  remember  it  when  making  the  calculations  in  the 

An  engineer  in  private  practice  does  not  need  an  umbrella,  a 
recorder,  an  observer,  etc.  He  can  do  all  the  work  himself  with 
oneor  two  active  intelligent  rodmen,  using  a  self  reading  leveling  rod 
or  a  specially  made  stadia  rod.  Several  firms  in  the  United  Slates 
make  good  patterns  of  stadia  rods  on  wood  and  some  make  them 
<x\  a  toi]gh  oiled  painted  paper  to  be  glued  on  a  board.  A  few 
make  them  on  canvas  to  be  tacked  on  a  board.  The  writer  has 
used  several  such  rods  of  different  patterns  and  they  were  all 
good.    Generally  he  uses  one  of  his  own  pattern  as  illustrated. 

It  is  made  from  ten  to  fifteen  feet  long  in  sections  with  hinges 
on  the  back  so  it  folds  into  short  lengths.  On  each  side  is  a 
common  door  bolt  at  each  joint  to  hold  it  straight  when  extended. 
A  line  is  scribed  down  the  back  from  top  to  bottom  and  a  point  is 
marked  on  the  back  at  the  boftc«n  to  show  the  rodman  when  it  is 
on  a  point.  There  is  a  nail  here  to  protect  the  foot.  The  rodman 
either  carries  a  rod  level  to  insure  the  verticality  of  (he  rod  or  has 
a  small  plumb  bob  hung  on  the  back.     He  stands  directly  behind 
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o  permit  his  hands  to  obscure  a  sight  o 


the  rod  and  is  careful 
any  part  of  the  tod. 

When  the  instrument  man  sets  up  his  instrument  he 
the  height  from  the  ground  to  the  telescope  axis  and  directs  the 


STADIA  ROD. 

Each  device  repre- 
sents one-tenth  of  a 
foot. 

Even  tenths  on 
right.  Odd  tenths  on 
left     No  figures. 

Horizontal  ruling 
represents  black.  Di< 
agonal  ruling,  red. 

Red  diamond  at 
half  foot  mark. 

Black  numbers, 
one-tenth  high,  at  each 
even  foot 

Red  numbers,  one- 
tenth  high,  at  each  odd 
foot 

Numbers  are  in 
space  opposite  device. 

With  this  rod  the 
neareEt  foot  can  be 
read  on  short  sights 
and  closely  estimated 
on  others. 

Every  reading  is 
made  on  a  comer  as 
well  a3  on  a  point 
which  is  advantageous 
at  different  hours  of 
the  day. 

middle  cross  wire  to  that  height  on  the  rod  for  each  sight.  He 
reads,  however,  only  the  upper  and  lower  stadia  wires.  For  work 
r«[niriitg  long  sights  .ind  great  accuracy  is  not  retiuirtd,  an  ordinary 
level  rod  can  be  used  and  held  upside  down  hy  tlie  rodman.    The 
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ni^r  wire  is  then  directed  to  the  top  of  the  rod  and  the  lower 
wire  gives  the  direct  rod  reading  without  any  figuring,  mental  oi 
otherwise.  It  takes  very  little  practice  to  become  proficient  in 
reading  an  inverted  rod. 

A  specific  use  for  the  stadia  h  when  a  city  council  wishes 
grades  recommended  on  certain  streets  and  the  time  is  limited. 
A  stadia  survey  can  be  made  in  a  very  short  time  and  a  profile 
platted  from  the  contour  map  sufficiently  accurate  for  the  in- 
tended purpose.     The  writer  has  often  done  this. 

The  sta.dia  offers  an  excellent  means  of  surveying  a  tract  of 
land  for  grading  estimates.  This,  however,  is  treated  in  text 
books  on  surveying. 

With  a  good  transit  in  good  adjustment  having  a  well  divided 
vertical  arc,  elevations  can  be  taken  that  check  wonderfully  dose 
with  a  level 

The  writer  at  first  triangulated  a  tract  of  land  he  proposed 
surveying  by  the  stadia  method  and  determined  his  instrument 
points,  or  at  least  enough  for  control.  He  no  longer  does  this 
except  on  a  very  extensive  survey.  He  also  ran  levels  with  a  wye 
or  dumpy  level  and  established  benches  and  turning  points.  He 
seldMn  does  this  any  more,  for  the  angular  elevations  check  so  well 
that  the  time  might  as  well  be  saved.  If  his  elevations  do  not  close 
reasonably  when  his  work  is  completed  he  will  go  out  with  a  level 
and  get  the  exact  elevations  on  the  stations  and  use  them,  thus 
confining  his  errors  to  each  station.  In  calculating  his  elevations 
in  the  office  he  first  carries  them  through  from  station  to  station 
and  checks  on  the  starting  point,  where  the  field  work  of  course 
closes.  Any  error  within  allowable  limits  is  then  distributed  over 
the  Stations  in  proportion  to  the  lengths  between  them  and  these 
corrected  elevations  used  in  computing  the  side  shots. 


No  city  engineer  should  be  content  with  a  limit  of  error  in 
measuring,  exceeding  1  :  5OO0,  practically  one  foot  in  a  mile. 
That  is  really  too  great,  for  good  work  done  should  approximate 
1  :  10,000.  ,  For  long  Hnes  the  writer  prefers  to  measure  on  the 
slope  to  tack  heads  so  that  the  tape  is  thus  supported  its  entire 
length.     This  eliminates  the  error  due  to  sag  and  miscalculalioa 
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as  to  level  of  tape.  Errors  may  creep  in  when  calculating  but  care 
must  be  taken  to  guard  against  them. 

There  are  a  number  of  formulas  for  correction  of  sag,  etc 
If  an  engineer  wishes  to  apply  them  be  can  do  so  but  it  is  easy  to 
remember  that  the  correction  of  sag  in  an  ordinary  tape  is  practi- 
cally equal  to  0.2S  of  an  inch  times  the  length  measured  in  feet. 
Subtract  this  from  the  measurement,  for  the  correction  due  to  sag 
on  an  ordinary  JOO-foot  tape  is  0.25  of  an  inch.  If  no  correefion 
is  made  for  sag  the  tape  will  be  short  and  consequently  the  dis- 
tance recorded  will  be  greater  than  the  true  dialance. 

The  expansion  per  unit  of  length  for  one  degree  rise  in  tem- 
perature or  the  contraction  of  one  degree  fall  in  temperature  is 
0.0OO0O6.  The  standard  temperature  is  eo".  The  difference  in 
temperature  between  the  standard  and  that  at  which  the  measure- 
ment is  made,  multiplied  by  the  length  in  feet  times  O.0O0OO6  gives 
the  correction  for  temperature. 

The  normal  pull  on  a.  tape  at  which  the  most  uniform  results 
will  be  obtained  varies  from  ten  pounds  for  fifty  feet  length  to 
sixteen  pounds  for  one  himdred  feet.  It  is  a  good  idea  to  write 
the  maker  when  a  new  tape  is  purchased  and  obtain  all  the  infor- 
mation he  will  give  in  regard  to  normal  tension,  etc.,  for  the  tape. 

A  discussion  last  year  in  Engineering  News  developed  the 
fact  that  there  are  several  ways  of  doing  simple  things.  An  inquirer 
asked  for  the  best  method  of  surveying  a  street  for  the  purpose 
of  locating  accurately  the  buildings  on  each  side. 

One  method  recommended  was  to  run  a  line  approximately 
down  the  center  of  the  street  and  set  transit  points  200  feet  apart. 
Each  point  is  occupied  in  succession  and  with  a  100-foot  tape 
as  many  corners  as  possible  are  measured  to,  the  angles  to  the 
points  being  taken  at  the  same  time  with  the  transit.  For  wide 
streets  with  the  houses  set  tar  back,  each  corner  is  located  by 
angles  (without  taping),  from  at  least  two  transit  points.  This 
approximates  the  plane  table  method.  As  houses  are  built  with 
square  corners  a  sketch  is  made  of  each  ground  plan  and  all  the 
measurements  taken.  The  two  front  corners  are  plotted  Ixoai  the 
survey  and  the  buildings  drawn  in  from  the  measurements  on  the 
sketches. 

Another  method  was  to  measure  a  base  line  on  one  side  of  the 
street  close  to  the  fence  and  set  stations  100  feet  apart.    Set  the 
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transit  on  «ach  and  turn  a  right  angle  across  the  street  and  measure 
across  to  set  a  base  line  on  tnat  side.  The  stations  are  all  num- 
bered. After  completing  the  transit  work  measure  on  each  base 
line,  marking  the  plus  for  each  fence  corner  and  opposite  each 
house  corner.  Measure  from  the  plus  the  right  angle  distance 
to  the  house  corner.  Record  this  in  the  form  of  a  iraction  in  white 
chalk  on  each  object,  the  numerator  being  the  plus  and  the  de- 
nominator being  the  right  angle  distance  from  the  base  line.  The 
engineer  follows  the  men  making  the  measurements  and  makes  his 
sketches  and  such  other  measurments  as  are  necessary.  In  this 
method  no  diagonal  measurements  are  made, 

A  third  method  was  similar  to  the  first,  but  two  base  lines  were 
run..  One  was  in  front  to  get  all  the  front  fences  and  corners 
of  buildings  and  the  other  in  the  rear  of  the  lots  to  get  the  back 

In  the  course  of  his  experience  in  city  work  the  writer  has 
had  to  make  a  number  of  such  surveys.  Sometimes  it  was  while  in 
the  employ  of  other  men  and  acting  under  their  instructions.  He  has 
therefore  used  each  of  the  above  methods  and  his  preference  Is 
for  the  first.  He  considers  it  the  neatest  and  most  expeditious, 
both  in  field  and  office. 

If  the  nearest  foot  is  close  enough  (and  it  generally  js),  a  stadia 
survey  will  do  the  worlc  with  the  fewest  men  and  in  the  short- 
est time.  More  data  is  apt  to  be  collected  also,  for  the  method  is 
so  simple  and  easy. 

The  following  n!i.tler  which  appeared  in  Enjtinee  ring-Con  trad- 
ing, May  1"(,  I.I'.W.  under  the  heading  "Letters  to  the  Editors."  will 
be  found  useful  when  dealing  with  the  relocation  of  curved  boun- 

TABLE    FOB    RELOCATION    OF    CURVED    BOUNDARIES, 

Editor  Engineering-Coniracling :  "In  "Engineering  News"  of 
March  13  some  one  signing  himself  "H.  H.  T."  gave  a  tabic  to  be 
used  in  the  relocation  of  curved  boundaries  for  lots  when  all  the 
Hakes  had  disappeared,  or  in  which  only  ihe  radius  ;md  lot  comers 
11  ere  given.  The  tabk-  gave  deflections  for  chord  lengths  ^R/I(M), 
R/50.  B/3314.  R/25  and  R/20,  the  writer  here  presents  a  table 
including  also  R/10, 

H.   H.    T.   obtained  the  deflection  angle  by  the   formula   d  = 
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c/2 

^-     in   which   c  —  chord   length    (ratio  of  R)    and   R=radius  of 

curve.  The  table  given  was  not  absolutely  correct  for  the  reason 
that  H.  H.  T,  used  a  three  or  tour  place  tabic  and  the  deflection  for 
R/lOO  he  gave  as  being  0°  17'  07.35".  By  using  a  seven  place  lable 
the  result  is  0°  17'  ll.SS".  In  actual  use,  however,  the  difference 
is  negligible  in  even  a  long  curve.  The  ingenuity  of  the  idea  strikes 
the  attention  and  it  is  to  be  regretted  that  H.  H.  T,  preferred  lo 
hide  his  identity.  To  run  cut  a  curve  it  is  simply  necessary  to  set 
the  instrument  on  one  stake,  A,  sight  to  the  other,  B,  piate  clamped 
at  lero,  and  measure  chords  and  deflect  from  B  towards  A.  He 
stated  that  for  setting  out  curbs,  sidewalk.s,  etc.,  he  found  a  chord 
length  of  R/25  gave  the  best  results,  while  for  grading  R/IO  was 
sufficiently  accurate. 

In  "Engineering  News"  of  April  24  is  a  letter  from  Mr.  J. 
Calvin  Locke,  objecting  to  (he  table  for  the  reason  that  the  deflec- 
tion for  18  stations  (to  take  an  example)  of  chord  lengths,  =  R/10tl, 
is  not  exactly  the  deflection  for  9  stations  of  chord  lengths  =  R/5fl. 
He  then  proceeds  to  give  a  lable  that  is  mathematically  accurate, 
I  presume,  but  is  not  so  valuable  for  the  purpose  intended  as  the 
table  of  the  modest  H.  H.  T.  The  reason  is  that  the  transit  used 
by  the  average  engineer  generally  reads  to  minutes,  while  only  » 
few  high  priced  transits  read  to  20  and  30  seconds.  The  differences 
in  the  deflections  for  the  different  radii  are 'as  shown  in  the  follow- 
ing lable  computed  by  the  writer: 

R^lOtfc    6  =  1    4  =  0°  17' 11.39-     30  stations.  A /2  =  8' jy  ».«>■. 

R^fiOc    r;  =  2    d  =  0°  34' M.TT    ISstations.  A/l^S"  SPiLBT. 

R  =  331c    d  =  3     d  =  0°  Bl' M.ar     lOitations.  A/2  =  8°  aril". 

R  =  2Sc    e«l     d  =  l''0g'«.7a'     Tstalions,  A/J=.8°01'30,ll'. 

R  =  20c    c  =  5    d  =  l- 2S' SZ.aS-    6  stations,  A/2  =  8°  35"  44,1'. 

R  =  10c    c  =  10     d  =  2°  61'  67.68-     3  stations,  A/2  =  8=  36'  iS.Of. 

Taking,  for  example,  the  deflection  for  30  stations  with  c  = 
R/IOO,  and  using  the  same  angle  for  3  stations  with  c  =  R/10,  the 
differetice  in  angle  amounts  to  a  trifle  over  13",  which  even  the 
most  particular  man  will  say  is  correct  enough  for  all  practical  pur- 
poses. We  cannot  split  hairs  over  deflections  involving  fractions 
of  seconds  when  using  a  transit  that  is  considered  high  grade  if 
it  reads  to  10  seconds.  If  we  also  consider  c=5  ft.,  R=500  fL, 
the  difference  in  location  of  the  tack  point  will  be  so  small  that  it 
is  negligible. 
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In  addition  to  the  fact  thai  H.  H.  T.  Rave  the  unit  deflection  for 
R  =  100  e  as  beinR  0  17'  nT.ii"  when  it  is  really  0  17'  11.33"  his 
table  as  printed  contained  a  few  errors  which  evidently  occurred  in 
the  copy  or  proof  readinR,  as  the  total  additions  seem  to  be  cor- 
rect, so  the  writer  hopes  you  will  publish  the  following  table, 
which  follows  the  arrangemenr  of  H,  H.  T.,  as  the  writer  considers 
it  the  best  form  to  use  in  the  hack  of  a  field  book; 

DEFLECTION    AN<n.ES    FOR    CURVES. 

When  R  =  100c.  etc. 
Deflection.  100c 


0°  17' 

11.33" 

1 

3399' 

3 

'2 

1°  08' 

45.32- 

4 

1 

r  43' 

07  98' 

2 

2°  00' 

19.31" 

2°  17' 

30.64° 

8 

4 

2 

■'.-   34' 

41.97- 

S 

•i"  51' 

53.30* 

1" 

5 

3'  09' 

04.63" 

11 

15.96" 

12 

6 

4     3 

3°  43' 

);■ 

4°  00* 

38.62"...  . 

14 

7 

15 

4"  35' 

01.28" 

Ifi 

8 

4 

.V  09' 

18 

9 

5°  26' 

35.27" 

IH 

5°  43' 

4fi.60" 

20 

10  - 

5 

57.93" 

6°  18' 

09.26" 

22 

11 

6°  35' 

20.59" 

23 

(i-  .vr 

12 

8     6 

43.36" 

25 

7"  44' 

05.91" 

27 

8°  01' 

17.24" 

28 

14 

8"  35' 

39.90" 

30 

15 

0 

It  rnay  be  said  with  respect  to  the  above  table  that  ihe  enfiineer 
will  seldom  have  as  many  as  30  stations  to  run  out  even  with 
c=R/100.  The  value  of  c  will  seldom  be  less  than  5  ft  and  as 
lots  are  hardly  ever  more  than  100  ft.  wide  and  are  xenerally  less 
than  60  ft.,  it  may  be  seen  that  the  table  is  extended  enough  to  be 
very  useful.  For  other  values  of  the  ratio  R/c  the  table  of  Mr. 
Locke  may  be  used.  Yours  truly, 

Ebnest  McCunj)rQH. 

Chicago.  111.,  April  24.  1908. 
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F,NGIXEERIN(i  DATA. 


In  this  chapter  the  writer  proposei  to  place  a  lot  of  odds  and  ends 
of  material  that  he  trusts  will  be  of  \alue  He  will  appreciate  very 
much  all  assistance  his  readers  will  gi^e  in  the  future  to  make  the 
chapters  on  Office  Work,  Field  V\  ork  and  Engineering  Data  more 
valuable  in  later  editions.  Copies  of  special  reports  good  ordi- 
nances, forms  of  procedure,  plats,  formulas  etc ,  are  especially 
wanted.    Their  receipt  will  be  acknowledged  and  due  credit  given 


MENSURATION. 

Several  pages  are  here  given  of  formulas  useful  in  mensuration 
snd  tr^onometrical  calculations.  A  table  of  logarithms  is  useful 
when  the  formulas  are  complicated,  for  partial  resiilts  do  not  have 
to  be  taken  into  account,  as  may  be  seen  by  performing  an  ex- 
ample in  proportion  by  the  help  of  logarithms. 

The  tables  of  natural  sines,  cosines,  tangents,  etc.,  represent 
the  functions  of  angles  mentioned  on  the  upper  half  of  the  page 
containing  the  Solution  of  Right-Angled  Triangles,  with  a  radius 
equal  to  unity.  To  use  them  the  function  is  taken  directly  from 
the  table  and  multiplied  or  divided  or  added  and  subtracted.  Loga- 
rithmic fables  of  functions  are  tables  of  the  logarithms  correspond- 
ing to  these  numbers.  Although  the  values  are  only  given  to  each 
ten  minutes  of  arc  these  tables  will  frequently  be  found  usefuL 

The  two  pages  giving  weight';  and  gauges  of  Steel  will  be  usefttl 
for  reinforced  concrete  designing. 
300 
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EXGIXEERING   DATA 

MENSURAT[ON. 

ff=3.U159a«536 
5=1.5708 

^ 

-■^^^ 

^""-"■^ 

\ 

-»--    / 

g-= 1,0473 

■^=0.7854 

\ 

/ 

f3=0-3618 

\ 

/ 

5=0.04909 
■^=0.31881 

\ 

7 

^=0.10133 
ir»=9.86960 

n^'sSLOoeas 

or  very  neariy=j^ 

log:  fl-=0.4971499 

:^-i^0.56419 
Jog.  4'»r=0.24857« 

«=|/r'— x»-(r— ^) 

or  very  iiearly=ii 
C=a%r  0.008727 

d  =  diameter 

Circle. 

r  =radius. 
fscontents. 

^=2j5=0.78Mi 

rf=l, 13838  i/A 

Sector  of  Circle=leiigth  of  arc  X  half  radius. 
Segments  of  Circ1e=area  of  sector  less  triangle,  also 
for  flat  segments  very  nearly =1-1^ 0.388*'+— 
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MBNSURATION-Contlnuad. 


-['-f> 


Pyramid  «nd  Cone. 


Frustum  of  a  cone.     V=\'nh  (^' 


Frustum  of  pyramid      V=\  A  (B+i^Bi+i) 
(.4  being  the  distance  of  the  two  parallel  end  surfaces 
£tn6  6.) 

— JOHtl  t   LADOBUR    KMtD    BOOK. 
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MENSURATION-Contlnued. 

A=i^  ,X(t-a)  (s-i)  is-i^) 
if  s  half  of  the  sum  of  the  sides  a,  i,  and  e, 
05i=baseXhalE  perpendicular  height. 

Area  of  any  irregular  polygon  can  be  found  by  divid- 
ing the  polygon  into  triangles  and  talce  the  sum  of  the 
trteagles'  area.    Area  (if  any  regular  polygon 
No.  of  sides     ,  ,  ...  J      a ,.      .         2  IT 

= a X  ("~>»>"""««'  '•^■'■x"°!sriiHir 

Parabola.    A=\s  A 


'Area  of  any  Irregular  Plana  Surface. 


!  . 


.^|.-.^_.d.— d-  - 

Divide  the  surface  Into  any  nnmber,  say  »,  parallel 
strips  of  equal  widths,  d,  whose  middle  ordinates  are 
represented  by  ' 

M   h   h    h h  k 

113      4  1-1  n 

then  is,  after  Poncelet's  rule, 

A=d2h  +  -}fdi^a-h)-i--i,d(6-A\ 

but  more  exact  after  Francke's  rule, 

A  =  d  3  h  --r  ^fii  (S  a  +  /i-^/,)  +  ,\d  (S  b  +  h  -  ^  k\ 
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MENSURATION-Contlnued. 
Properties  of  th«  Clrol«. 
CircuiDferetice=Diatn.  X  K.1410  or  8^'. 
Diam.  X  .6863=Side  of  an  equal  square. 
Dlam.X.70Tl=      "      inscribed      " 
Diam.  >x  .7854=Area  of  circle. 
Radius  X  6.888a=Circnmference. 
Clrcnniferenc« =8.5i48^atea  of  cit^iT 
Diam.  =  l.lSSSf'area  of  circle. 
Length  of  arc  =No.  of  degrees  X  .017498  radios. 
D^rees  in  arc  whose  length  equals  radlus=5T*  3IKI6. 
Length  of  an  arc  of  l'=Radlus  X  .017458. 

•■         "  •<    r  =Radias  X  .0003900; 

l'=RadiusX.0000O48. 

«=Proportlon  of  circumfenace  to  dlaill.=&1410*9>. 

ir»=9.860a04*. 

VS=l.Tmii88. 

Log.  »=0  4971489.  • 

-l-=0. 3188001. 


.:=^=l«,Bft 

TrfgonometrloKl  Formuln. 

tba  diagram  shows  the  different  trigontanetilcal  ex' 
pressions  in  terms  of  the  angle  A. 

latbeCoUowiiigformnhBRadinssl. 
„.         .  Cot  A 
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MENSURATION-Contlnuad. 
Comptement  of  an  angle=its  dilTerence  from  SO' 
Supplement  of  an  angle^its  difference  from  lOCf 


Sin.=— 
Tan.=- 


=V(I= 


Covefcin,  =Rad. — Sin. 


Cos.=,/(l_,l„..) 


VeTsin.=Rad,—  _ 

Rad.=taii.  X  cot  =  v'sii 

Solution  of  Right- An  sled  Triangles. 
Hypoth.  *=base"+petpend,' 
Base'=:(hyp.+perp.)X  (hyp.— perp.) 
Perp.»= (hyp.  +base)  X  (byp.— base). 

Sin.= 


Cot  a 


Cob. 
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MENSURATrON-ContlnuM). 
Solution  of  Oblique- Angled  Trlangrlet 


Value  of  any  side  C  is 
^_A  sin.  f . 


COS.  *+sin.  d  co 
-  =  At:o&.i+A 


<:=i/A^. 


~.%A  B  COS.  c= 
COS.  a-^B  sin.  a  cot.  b 


Value  of  any  angle  a  is  : 


c               B 

'  * 

Sin. 

<z=sin.  b  COS.  <:+co3 

b  sin.  « 

Cos. 

«=:svn.  isin.  <■— cos 

*C05.  f 

Cos. 

Tan 

A  sin.  f          v4  sin.  i 
"    A-Wcofi.f    C-^cos-rf 

Tan 

tan.  j+tan.  e 
"    tan.  *n,i:at— 1 
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406  EXGIXEERIS'G    WORK. 

The  following  instructions  will  refresh  the  memory  as  to  the 
use  of  a  table  of  logarithms  i 

The  log.  of  2500  is  3.3979]The  log.  of  3.5  is  0,3979 
The  log.  of  250  is  2.3979lThe  log.  of  .25  is  —1.3979 
The  log.  of      25  is  l.3979|The  log.  of    .025  is  —3.3979 

The  log.  of  2587  is  found  as  follows :  Take  from  the  table  fhe 
log.  for  2580,  which  is  3.4116.  The  tabular  difference  in  the  column 
on  the  right  is  17.  Subtract  S580  from  2587  and  multiply  the 
difference,  7.  by  the  tabular  difference,  ]7.  and  add  the  result  119 
to  log.  3.4116,  which  gives  log.  3.41279  as  log.  of  2587.  To  insure 
that  the  product  of  the  difFerences  is  correctly  added  compare  this 
filial  log.  with  the  next  highest,  2590,  in  the  table  and,  as  it  is 
3.4133,  the  result  found  is  correct. 

Conversely  given,  log.  3.41279  to  find  the  number.  An  inspec- 
tion of  the  tabl^  shows  that  this  log.  is  not  in  it,  so  we  take  the 
next  lowest,  which  is  3.4116,  corresponding  to  the  number  2580. 
The  difference  between  these  two  logs,  is  119,  which,  divided  by 
the  tabular  difference,  17,  gives  7  as  the  figure  to  be  added  to  25S0 
in  order  to  get  the  exact  number  corresponding  to  log.  3,41379. 

To  multiply  numbers  add  their  logarithms  and  find  from  the 
table  the  number  corresponding  to  the  new  logarithm  thus  found. 

To  divide  one  number  by  another  find  the  difference  between 
their  logarithms  and  the  new  logarithm  thus  found  is  the  logarithm 
of  the  quotient. 

To  perform  an  example  in  proportion  add  the  logarithms  of 
the  two  numbers  that  are  to  be  multiplied  together  and  subtract 
from  this  new  logarithm  the  logarithm  of  the  divisor,  the  num- 
ber corresponding  to  the  final  log.  being  the  result  wanted. 

To  raise  a  number  to  any  power  multiply  bj"  the  exponent  of 
that  power.  That  is,  to  square  a  number  multiply  its  lc«.  by  two 
and  the  number  corresponding  to  the  new  log.  is  the  square  of  the 
first  number.    This  applies  to  all  powers. 

To  extract  the  root  of  any  number  divide  its  log.  by  the  index 
of  the  root  and  the  number  corresponding  to  the  new  log.  is  the 
required  root  of  the  number.    This  is  true  for  all  roots. 

No  formula  containing  a  plus  or  minus  sign  can  be  solved 
directly  by  logarithms;  for  adding  logarithms  is  equivalent  to 
multiplying  their  numbers  and  subtracting  logarithms  is  equivalent 
to  performing  the  operation  of  division  with  their  numbers. 
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LOGARITHMS  OF    NUMBERS-^onUnu0«. 
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SINKING  FUNDS. 


In  an  earlier  chaplev  a  table  has  been  given  dealing  with 
sinking  funds.  It  was  slated  tliere  that  in  ihc  case  o£  a  pay- 
ment of  a  premium  on  the  bonds  the  tables  did  not  suffice. 

If  the  amount  to  be  repaid  is  104%,  then  the  equivalent  de- 
pteciation  is  2%  -i-  1.04  =  1.9231,  and  to  get  this  we  must  go  to 
the  formula  from  which  the  table  was  computed. 

n  =  number  of  years,  term  of  amortization. 

r  ^=  rate  of  interest  received. 

x  =  rate  of  depreciation  charge,  or  annual  sbking  fund  in- 
stallments in  dollars  per  dollar, 

log  l.±  ^ 


wc  obtain 

.06 +  .01 9231 
^^'      .019231 
""  log  .1.05 

log  8.60^0  55630  _,,„ 
~  log  1.05       0.02119  ' 

The  formula  for  rate  of  depreciation  charge  is 

''"(l  +  r)-^l 
The  preceding  formulas  nnd  the  tables  referred  to  in  an  earlier 
chapter  are  for  interest  compounded  yearly.     The  following  formula 
is    for    calculating    sinking    funds    with    int2rest    compounded    half 

A  is  the  annual  installment.     The  first  payable  one  year  after 
■  investment  and  the  last  one  at  the  end  of  n  years. 

C  is  total  capital  invested. 

r  is  one  dollar  plus  six  months'  interest. 

n  is  the  number  of  years  from  investment  to  the  maturity  of 
the  sinking  fund,  when  the  latter  will  become  equal  to  the  capital 
originalty  invested. 

A    _   r'  -  1 
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e.S2 

6.4S 

A-  -M25 

23.78 

33.19 

.  =.1875. 

7,58 

7.78 

i=  .685 

36.86 

85.77 

8.84 

9.02 

30.81 

80.98 

10.10 

10.80 

85.87 

«HM 

A=.38128 

11.88 

ii.n 

1    =1. 

40.42 

41.28 
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OB  tiM  Mine,  to  wetgb  mora  Hun  Iron.  Hath  Iroa  and  Steel  OTer 
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Weight*  and  Arsaa  of  Squar*  and  Round  8te«li 

also  Clroutnfar«no«  of  Round  Bars. 

Auamlns  one  coble  foot  to  vreigh  490  Ibt. 


TbiCltDCM 

tnlDche*. 

Weight 

Round 

1  a  long. 

Are&  of 

Sqiure 

Area  of 

CI  renin- 

Buin 

Inch*!.. 

A 

.120 

.094 

.0853 

.0276 

.6800 

1 

.213 
.832 

,478 
.051 

.187 
.261 
.375 
.511 

.0626 
.0977 
.1406 
.1914 

.0491 
.0767 

,1104 
.1508 

.7854 
.9817 
1.1781 
1.8744 

i 

.851 
1.076 
1.829 
1.608 

.668 
.845 
1.044 
1.268 

.2500 
.8164 
.3906 

.4727 

.1968 
.2485 
.8068 
.8713 

1.5708 
1.7671 
1.9686 
2.1598 

i 

1.9U 
2.2tt 
2.605 
2.600 

1.508 
1.764 

2.046 
2.848 

.6625 
.6602 
,7656 

.8789 

.4418 
.6186 
.6018 
.6908 

2.8662 
3.6526 
8.7489 
2.940S 

1 
A 

8.402 
8.841 
4.806 

4,768 

2.673 
8.017 
8.883 

8,768 

1.0000 
1.1389 
1.2606 
1.4102 

.7854 
.8866 
.6040 

1.1075 

3.1416 
3.3879 
8.5848 
8.7806 

V 
1 

S.316 
5.861 
6.432 
7.080 

4.176 
4.608 
5.063 
6.631 

1.6625 

1,7227 
1.8906 
2.0664 

1.3373 
1.8680 
1.4849 
1.9380 

8.9870 
4.1238 
4.8197 
4.6160 

1 

7.655 
8.806 
8.984 
9.688 

6.019 
6.534 
7.056 
7.609 

2,2600 
2.4414 
2.6406 
2,8477 

1.7671 
1.9176 
8.0739 
3.3366 

4.7124 
4.9087 
5.1061 
6.8014 

1 

10.419 
11.177 
11.961 
ia.773 

8.188 
8.778 
9.894 
10.081 

3.0625 
3.3852 
8.5166 
8.7680 

2.4063 
2.5803 
2.7612 
2.9488 

0.4978 
6.6941 
6.8906 
8.0868 

—Itatm  St  lAtiOBUN  n 
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WEIGHT  OP  A   CUBIC   FOOT   OF  SUBSTANCES. 
Averaes 

Names  of  Substances.  Weight, 

lbs. 

Aluminum,  cast IGO 

rolled 1C7 

Anthracite,  solid,  of  Pennsylvania  ....  S3 

"          broken,  loose 54 

"               "       moderately  shaken  ...  58 

"           henped,  bushel,  loose          ,         .         .  (80) 

Ash,  American  white,  dry 38 

Asphaltum 87 

Brass  (Copper  and  Zinc),  cast 504 

"      rolled S34 

Brick,  best  pressed 150 

"     common  hard .125 

"     soft,  interior    .        / 100 

Brickwork,  pressed  brick 140 

"          ordinary 112 

Cement,  hydr'c,  ground,  loose,  American,  Rosendale  56 

"           "            "            *'              "           Louisville  50 

"          •'           ■■           "     English,  Portland  90 

Cherry,  dry     ...         v         ...         .  43 

Chestnut,  dry 41 

Clay,  potters',  dry  .                           ....  119 

"     in  lump,  loose 68 

Coal,  bituminous,  solid          ......  84 

"              "           broken,  loose       .        .        .        ■  49 

■'              "           heaped,  bushel,  loose  (74) 

Coke,  loose,  of  good  coal 26 

'•          •'           heaped  bushel        ....  (40) 

Copper,  cast 540 

•'        rolled 550 

Earth,  common  loam,  dry,  loose       .         .         .         .  7G 

"              '■             "         •'    moderately  rammed  95 

"       as  a  soft  flowing  mud 108 

Ebony,  dry 76 

Elm,  dry 35 

Flint 162 

Glass,  common  window IJT 

Gneiss,  common 16S 
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WeiGMT   OP   SUeSTANCES-Continued. 

Namas  of  Substances.  WeigEt, 

Gold.  cast.  pure,  or  24  carat 1204 

"     pure,  hammered 12IT 

Grain,  at  80  lbs.  per  bushel 48 

Granite 170 

Gravel,  about  the  same  aa  sand,  which  see. 

Gypsum  (plaster  of  paris) 142 

Hemlock,  dry 25 

Hickory,  dry .  63 

Hombleode,  black     . 203 

Ice 98. 7 

Iron,  cast 450 

"     wrought,  purest 485 

"            "       average 480 

"ore 175 

Ivory 114 

Lead 711 

Lignum-vita,  dry 83 

Lime,  quick,  ground,  loose,  or  ia  small  lumps    .  63 

"           "             "            "       thoroughly  shaken       .  75 

*•           '■             "            "       per  struck  bushel     .  (66) 

Limestones  and  Marbles 168 

"                         "     loose,  in  irregular  fragments  96 

Uagnesium 100 

Mahogany,  Spanish,  dry 53 

■'           Honduras,  dry         ...  35 

Maple,  dry 49 

Marbles,  see  Limestones. 

Masonry,  of  granite  or  limestone,  well-dres.sed   ,  165 

•'         "  mortar  rubble 154 

■■dry            '■       (well  scabbled)    .  .188 

"          "  sandstone,  well  dressed         .         .         .  144 

Mercury,  83°  Fahrenheit       ....  849 

Mica 183 

Mortar,  hardened •     .  103 

Mud,  dry,  close 80  to  110 

"      wet,  fluid,  n 
Oak,  live,  dry     . 
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WEIGHT  OF   SUBSTANCES-Contlnusd. 

Names   of  Substano«s.  Wel^t, 

Oak  white,  dry 60 

"     other  kinds  ..  .        .        .     33  to  4S 

Petroleum 65 

Pine,  white,  dry 35 

"     yellow.  Northern 34 

"  "      Southern 45 

Platinum 1842 

Quartz,  common,  pure  165 

Rosin 60 

Salt,  coarse,  Syracuse,  N.  Y. 45 

"     Liverpool,  fine,  for  table  use       -        ■        .         49 
Sand,  of  pure  quartz,  dry  loose  .  90  to  106 

'•     well  shaker 99  to  117 

"     perfecUywet 180  to  140 

Sandstones,  fit  for  building I6I 

Shales,  red  or  black 183 

Silver 655 

Slate 175 

Snow,  freshly  fallen 5  to  13 

"      moistened  and  compacted  by  rain  IS  to  60 

Spruce,  dry 25 

Steel  490 

Sulphur 126 

Sycamore,  dry 87 

Tar  ■ J        .        .        .  03 

Tin,  cast 459 

Turf  or  Peat,  dry,  impressed         ,  .        20  to  80 

Walnut,  black,  dry 88 

Water,  pure  rain  or  distilled,  at  60°  Fahrenheit         62J{ 

"sea 64 

Wax,  bees 60.5 

Zinc  or  Spelter 487.5 

Green  timbers  iisu.illy  weigh  from  one-fifth  to  onephaK 
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BEAM  CALCULATIONS. 

The  town  engineer  is  called  upon  to  design  many  structures  of 

a  simple  kind  and  a  discussion  of  the  underlying  principles  of  beam 

formulas  will  be  a  useful  review.    After  this  we  will  take  up  th« 

design  of  walls,  culverts,  etc. 


When  a  weight  rests  upon  an  object  it  strains  it  in  some  de- 
gree. If  the  object  is  lying  on  the  ground  supported  throughout 
Lis  entire  length,  the  force  is  simply  equal  to  the  weight. 

When  the  object  is  a  beam,  for  example,  supported  at  the  ends, 
the  weight  acts  in  two  ways.  First,  it  tends  to  shear  the  beam 
at  each  point  of  support  and,  secondly,  it  tends  to  bend  the  beam. 
The  force  exerted  in  bending  is  called  a  moment. 

The  moment  of  a  force  is  the  product  of  the  force  into  the  arm 
with  which  it  acts.  Take,  for  example,  a  small  piece  of  wood  about 
one  inch  square,  perfectly  level,  but  with  one  end  fastened  into  a 
wall.  The  other  end  being  free  and  unsupported.  Cut  a  groove 
in  the  top  and  roll  a  ball  in  the  groove.  The  nearer  the  ball  ap- 
proaches the  free  end  the  more  the  piece  of  wood  bends.  If  this 
piece  of  wood  were  larger,  so  that  it  could  be  termed  a  beam,  it 
would  be  called  a  cantilever  beam.     (See  Fig.  e.) 

If  the  load  is  in  pounds  and  the  distance  from  the  wall  to  the 
load  is  in  feet,  the  distance  multiplied  by  the  weight  gives  the 
bending  moment  in  foot  pounds.  The  distance  may  be  (and  gen- 
erally is)  taken  in  inches  and  the  bending  moment  is  given  as  so 
many  inch-pounds.  With  the  above  example  the  statement  that  the 
moment  of  a  force  is  the  product  of  the  force  into  the  arm  with 
which  it  acts,  may  be  plainly  understood.  In  other  words,  the 
farther  the  load  is  placed  from  the  point  of  support,  the  greater 
bending  moment  it  develops.  The  arm  is  always  perpendicular  to 
the  direction  of  the  force.  , 

The  accompanying  diagrams,  showing  the  usual  cases  occurring 
in  the  loading  of  beams,  will  help  illustrate  the  definition  of  bend- 
ing moments. 

The  weight  does  not  act  directly  to  cause  bending.    It  must  act 
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through  the  arm  or  distance  it  (the  weight)  is  away  from  the 
point  where  the  bending;  moment  is  developed.  In  calculating  the 
strains  on  beams,  the  maximum  bending  moment  is  the  one  used. 
Weight  tends  to  carry  the  beam  down  vertically  or  in  (he 
line  of  direction  in  which  the  weight  acts.  This  action  is  resisted 
by  the  supports  under  the  beam.  As  soon  as  resistance  is  en- 
countered the  beam  may  shear  at  the  edges  of  the  support;  that  is,  ' 
be  cut  otT  like  slicing  butter  with  a  knife,  or  it  may  bend  at  some 
point  between  the  supports.  The  point  may  be  where  the  load 
strikes  or  it  may  be  somewhere  else  on  the  beam.  Where  the 
point  may  be  depends  upon  several  things. 


f 


1^? 

Fig.  6  illustrates  the  cantilever  beam  fastened  at  one  end  and 
loaded  with  a  concentrated  weight. 

It  must  be  remembered  that  we  can  only  use  the  concentrated 
weight  alone  in  preliminary  calculations  or  in  explaining  the  action 
of  forces.  The  weight  of  the  beam  can  not  be  neglected  in  practice, 
so  when  using  a  concentrated  weight  we  have  of  necessity  a  concen- 
trated as  well  as  a  distributed  load.  This  refinement,  however,  will 
be  neglected  in  the  following  discussion  for  the  sake  of  clearness. 

Let  W  represent  a  concentrated  weight. 

L  represents  the  distance  between  supports. 

w  represents  a  distributed  weight. 

w'  represents  the  weight  of  the  beam,  also  distributed. 

In  Fig.  6  the  bending  moment  is  M  =  W  X  L. 

The  maximum  bending  moment  is  at  the  wall.  If  becomes  less 
the  nearer  the  weight  ihe  moment  is  taken.  In  the  general  discussion 
while  the  letter  L  is  termed  the  distance  between  supports,  in  the 
case  of  the  cantilever  it  is  the  distance  from  the  support  to  the 
center  of  gfcvity  of  the  weight. 

Fig.  7  shows  a  cantilever  beam  with  a  distributed  Weight,  or 
load. 

A  force  or  weight  may  be  represented  by  a  line,  to  any  scale. 
The  length  of  the  line  represents  the  amount  and  the  direction  in 
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which  the  force  acts  is  shown  by  the  direction  of  the  line.  Usually 
an  arrow  point  is  placed  on  the  line  to  indicate  direction.  In  the 
case  of  weights  and  the  loading  of  beams  it  is  understood  the  force 
acts  downward,  so  the  line  is  vertical. 

In  Fig.  6  calculate  the  bending  moment.  At  the  support  draw  a 
vertical  line  from  the  middle  of  the  beam.  This  line  can  go  up  or 
down,  but  it  is  customary  to  draw  it  down,  as  the  force  acts  in  that 
direction.  The  length  of  the  line  will  represent  the  bending 
moment.  Connect  the  end  of  it  to  the  center  of  the  beam  at  a 
point  directly  under  the  center  of  gravity  of  the  weight.  This 
gives  a  triangle  in  which  the  bending  moment  at  any  point  in  the 
beam  can  be  found  by  measuring  the  perpendicular  distance  from 
the  center  of  the  beam  (base  of  the  triangle)  to  the  limiting  line  of 
the  force  diagram   (the  hypothenuse  of  the  triangle). 

Apply  this  to  Fig.  7.  Here  the  total  weight  is  multiplied  by  the 
distance  from  the  support  to  the  center  of  gravity  of  the  load. 
That   is,  by  half  the  length  of  the  load.     It   is  expressed  thus: 

M  =  „xi- 

The  maximum  bending  moment  in  this  case  is  also  at  the  point  of 
support.  A  drawing  can  be  made  as  in  the  case  of  Fig.  6,  but  the 
Uniting  line  for  a  distributed  load  is  a  parabola  instead  of  the 
hypothenuse  of  a  triangle,  and  it  begins  at  the  extreme  end  of  the 
load.     This  will  be  taken  up  when  describing  Fig.   15. 

There  may  be  cases  in  which  a  cantilever  beam  has  to  carry 
its  own  weight  (w'),  a  distributed  load  (w),  and  a  concentrated 
load  (W)  as  well.  The  bending  moment,  M,  is  equal  to  w'X  Li 
plus  w  X  L,  plus  W  X  L.  Each  is  calculated  separately  and  the 
results  added. 

, Q _,  nnmnnmnn 


Fig.  8  is  a  beam  freely  supported  at  both  ends  with  a  concen- 
trated load  in  the  middle. 

We  know  by  intuition  that  each  support  must  carry  half  the 
load,  so  the  maximum  bending  moment  must  be  equal  to  half  the 
load  into  half  the  span.    That  is,  the  expression  is 
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M  =  WX- 


which  is  the  same  thing.  We  have  calculated  the  moment  tor  two 
canlilevers,  but  in  this  ease  the  beam  has  two  end  supports,  so  the 
maximum  bending  moment  must  be  in  the  middle  under  the  load. 
Fig.  9  shows  a  distributed  load  on  a  beam  freely  supported  at 
both  ends.  We  have  already  seen  that  the  maximum  bending 
moment  for  a  distributed  load  is  one-half  that  of  the  same  toad 
concentrated,  so  the  expression  in  this  case  is 

A  distributed  load  has  a  tendency  to  arch.  It  is  illustrated  in 
the  case  of  a  brick  wall.  When  calculating  the  load  borne  by  the 
top  of  a  window  or  door  frame,  the  wei);ht  is  not  that  included  be- 
tween the  vertical  lines  from  the  sides  of  the  opening  to  the  top 
of  the  structure.  It  is  the  weight  of  a  triangle  of  watl  having  the 
three  sides  equal  to  the  span  of  the  opening.  The  bricks  have  a 
tendency  to  key  together,  aside  from  the  adhesion  caused  by  the 
mortar. 

Similarly  with  a  distributed  load  of  boxes,  or  b^s,  or  rails. 
The  question  also  arises  in  computing  the  pressure  on  the  top  of  a 
culvert  under  a  high  fill.  As  the  beam  gives  way  the  pieces  com- 
posing the  load  adjust  themselves  until  they  form  practically  a  beam 
and  can  be  self-supporting  over  a  considerable  span.  Tests  of 
beams  loaded  with  materials  piled  haphazard  on  them  are  not 
reliable.  The  load  should  be  piled  in  slender  columns  with  well 
defined  spaces  between,  so  that  when  the  beam  bends  the  ma- 
lerial  can  not  heap  and  relieve  the  loading. 

In  order  to  express  this  clearly  and  lead  to  a  ready  under- 
standing of  Fig.  15,  distributed  loads  in  this  discussion  have  been 
represented  by  lines  of  balls  free  to  move  and  adjust  themselves  to 
the  changing  form  of  the  beam  as  it  bends. 


Fig.  10  differs  from  Fig.  8  in  that  the  concentrated  load  is  not 
in  the  middle.     Calling  half  the  length  a,  it  can  be  proven  that 
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as  shown  in  the  case  illustrated  by  Fig,  B. 

A  similar  line  of  reasoning  for  Fig.  10  ^ves  the  following 
expression : 

M  =  W  x?-^ 

for  a  concentrated  load  not  at  the  middle. 

Fig.  11  shows  a  beam  having  two  equal  concentrated  loads, 
equally  distant  from  the  center.    In  this  case 

M  =  WXa 
No  particular  illustration  is  needed  in  this  case,  as  a  careful  fol- 
lowing of  the  preceding  explanations   will   show  how  the  formula 
is  developed.    However,  the  explanation  of  Fig.  14  will  help  throw 
light  on  it. 

Fig.  12  shows  a  combination  wherein  the  concentrated  load  is 
distributed  over  a  portion  of  the  beam.  Where  a  and  b  are  equal, 
the  formula  is 

When  the  distances  from  the  points  of  support  to  the  center  of 
gravity  of  the  load  are  not  equal  the  expression  is 


W  xa  xh      W  X  1 


^^ 


IRRIGinjUt  LOADINGS. 

After  discussing  reactions  we  will  take  up  the  calculation  of 

the  location  of  the  maximum  bending  moment  under  irregular  load- 
ti^s.     The  position,  however,  may  be  determined  graphically. 
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Fig.  13  illastrates  ■  the  method  of  drawing  triangles  already 
described.  The  bending  moment  is  calculated  and  represented  by 
a  line  drawn  verlically  downward  from  the  center  of  gravity  of 
.the  load.  The  triangle  is  completed  by  drawing  the  hypothenuse. 
The'bending  moment  at  any  intermediate  point  is  found  by  m^s- 
nring  vertically  downward  from  the  middle  of  the  beam  ai  the 
point,  to  the  hypothenuse. 

When  there  are  several  loads  the  bending  moment  is  calculated 
for  each  and  a  triangle  plotted  for  each,  as  shown  in  Fig,  14.  It 
will  be  noticed  that  imder  each  loal  several  triangles  cross.  The 
bending  moment  under  each  load  is  therefore  equal  to  the  sum  of 
the  distances  from  the  center  of  the  beam  to  the  hypothenuse  of  each 
triangle.  Connect  the  outside  points  thus  found  and  draw  in  the 
exterior  line.  A  perpendicular  dropped  lo  the  outside  diagram  from 
any  point  gives  the  bending  moment  at  that  point.  The  maximum 
bending  moment  is  at  (he  point  where  the  longest  vertical  line  can 
be  drawn  from  the  center  of  the  beam  to  the  outside  forc< 


Fig.  15  shows  the  force  diagram  of  a  itistributed  load.     The 

bending  moment  (M  =  . — ^\  ,  is  set  off  at  the  point 

half  way  between  the  supports.  A  parabola  is  then  drawn  with  a 
height  equal  to  (his  bending  moment  and  a  base  equal  to  the  dis- 
tance or  clear  span.  All  measurements  are  made  on  a  horizontal 
hne  through  the  middle  of  the  beam. 

The  reason  for  the  parabola  may  be  seen  by  a  reference  to  Fig. 
Q  and  Fig.  14.  The  distributed  load  can  be  represented  by  a  line 
of  balls  and  the  force  triangles  plotted  for  each.  These  triangles 
of  force  can  be  worked  into  a  force  diagram  which  will  assume  the 
shape  of  a  parabola.  Having  ascertained  this,  it  is  unnecessary  to 
again  go  through  this  process  and  the  parabola  may  be  drawn 
directly  when  it  is  desired  that  the  bending  moment  on  a  beam 
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uniformly  loaded  is  required  to  be  known  at  any  other  point  than 
the  middle. 

Fig.  16  hardly  needs  a  detailed  description,  tt  shows  how  to 
ascertain  the  maximum  and  other  bending  moments  in  a  beam 
loaded  with  a  distributed  and  any  number  of  concentrated  loads. 
The  maximum  bending  moment  is  at  the  point  where  the  longest 
vertical  line  can  be  drawn  between  the  parabola  and  the  bounding 
lines  of  the  other  force  diagram.  The  location  can  be  calculated 
also  if  the  graphical  process  is  not  used. 


1  ^V/  '^  ^-fiS 

In  the  preceding  explanations  all  beams  have  been  considered 
as  simply  resting  upon  the  supports.  Fig.  IT  shows  a  beam  loaded 
with  a  distributed  load  and  having  the  ends  fastened  into  ttie  wall. 

By  calculations  which  would  hardly  be  interesting  in  this 
review,  it  can  be  proven  that  for  such  a  case  the  maximum  bending 

moment  is    M  =  w  X  -_  instead  of  M   =  w  X  -=.  as  Jn  the 

case  already  mentioned.    The  diagram  in  Fig.  IT  is  constructed  by 

drawing  a  parabola  having   M  =  w  X  -^*     Also  A,  A'  parallel 

to  base  and  at  a  distance  equal  to    M  =   w   X  -^-    The  vertical 

distances  between  the  parabola  and  the  line  A  A'  are  the  moments 
for  the  corresponding  points  on  the  beam. 

In  such  beams  there  are  points  known  as  points  of  contra 
flexure.  That  is,  instead  of  the  beam  bending  in  the  middle  and 
the  ends  raising  slightly,  the  ends  remain  fixed  and  the  beam  bends 
in  three  points.  At  the  middle  it  is  concave  on  the  top  and  on  the 
bottom  are  two  points  distant  0.21131  of  the  span  from  each  sup- 
port, where  the  beam  bends  downward,  or  is  concave  on  the  bottom. 

Fig.  18  shows  a  tied  beam  having  a  load  concentrated  at  the 
middle.     This   diagram    is   drawn   by   drawing  a  triangle   having 
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M  n  W  X  -J--      Also  A  A'  parallel  to  the  base  and  at  a  distance 

of  M  =  W    X   — _      The  vertical  distances  between  the  triangfc 

and  the  line  A  A'  are  the  moments  for  the  corresponding  pomts  on 
the  beam. 

The  points  of  contraflexure  are  J4  ^  from  the  points  of  sup- 
port. In  the  case  of  Fig.  17  the  maximQm  bending  moment  was  for 
a  distributed  load.     In  the  case  of  Fig.  18  we  use  a  concentrated 

load,  giving  M  =  W  X    _    plus  the  distributed  load  equal  to  the 
weight  of  the  beam ;  thus,  M  =  w*  X  -g- 

It  is  important  to  remember  the  weight  of  the  beam  in  all 
calculations.  This  weight  is  called  the  dead  load.  The  superim- 
posed weight  is  called  the  live  load.  In  a  structure  the  weight  of 
the  structure  is  the  dead  load  and  the  weights  the  structure  is 
designed  to  carry  constitute  the  live  load. 

The  method  of  finding  the  maximum  bending  moment  for  a 
beam  carrying  a  distributed  load  together  with  a  concentrated  load 
has  been  given.  Also  the  method  of  finding  the  maximum  bend- 
ing moment  caused  by  several  concentrated  loads.  The  most  simple 
.  way  of  obtaining  the  moment  in  such  cases  is  to  reduce  each  con- 
centrated load  to  a  distributed  load  and  add  these  distributed  loads 
together  and  calculate  the  maximum  bending  moment  for  the  total 
equivalent  distributed  load,   an  easy  matter. 

A  distributed  load  gives  a  moment  one-half  that  given  by  an 
equal  concentrated  load  applied  at  the  middle  of  the  span.  So  for 
a  concentrated  load  at  middle  of  the  span  multiply  by  3.  At  0.333 
of  the  span  from  a  support,  multiply  by  1,78.  At  0.25  the  span. 
by  1,5.  At  0,20  the  span,  by  1.28.  At  0.166  the  span,  by  1.111.  At 
0.143  the  span,  by  0,98.  At  0.125  the  span,  by  0.875.  At  0.111  the 
span,  by  0.79.    At  0.10  the  span,  by  0,72, 

The  foregoing  method  is  used  in  many  offices  and  is  a  labor 
saver.  A  caution,  however,  must  be  given  to  users,  that,  as  the 
maximum  bending  moment  is  not  exactly  equal  to  the  sum  of  the 
separate  bending  moments,  a  beam  calciglated  by  this  method  will 
be  larger  than  would  be  required  if  the  more  exact  process  were 


0.  Google 


ESGINEERIMG   DATA.  425 

followed.    This    caution    is    necessary    however,    only    'vhen    the 
weights  are  very  heavy. 

CONTINUOUS  BXAHS. 

The  foregoing  cases  touch  upon  beams  resting  on  two  sup- 
ports and  also  the  case  of  beams  tied  at  each  end.  Continuous 
beams  are  beams  that  rest  on  more  than  two  supports;  for  example, 
a  beam  across  from  wall  to  wait  in  a  building  and  resting  upon  a 
post  in  the  middle.  It  is  then  a  continuous  beam  of  two  spans.  If 
it  had  rested  upon  two  intermediate  posts  it  would  be  a  continuous 
beam  of  three  spans. 

Each  span  assists  the  adjoining  span  in  nearly  all  cases,  and 
there  are  points  of  rontra- flexure  in  each  span. 

A  continuous  beam  of  two  spans  uniformly  loaded  is  no 
stronger  than  a  beam  of  one  span  so  loaded. 

A  continlious  beam  of  two  spans  loaded  with  a  concentrated 
load  at  the  center  of  each  span  is  stronger  than  a  simple  beam. 
The  bending  moment  in  each  span  is  one-fourth  less  than  if  the 
beam  were  not  continuous. 

When  the  beam  is  continuous  over  three  spans  and  the  load 
is  uniformly  distributed,  the  bending  moment  in  each  span  is  eight- 
tenths  the  load  on  a  single  span  for  a  non-continuous  beam. 

The  bending  moment  on  each  span  of  a  three-span  continuous 
beam  having  concentrated  loads  of  equal  weight  in  the  middle  of 
each  span  is  six-tenths  the  bending  moment  on  a  simple  span. 

The  foregoing  remarks  apply  only  to  beams  having  two  and  three 
spans  of  equal  length  with  equal  loads  on  each  span. 

BE  ACTIONS. 

The  loads  on  a  beam  tend  to  carry  it  downward.  The  supports 
prevent  this  action.  The  effort  put  forth  by  the  supports  is  termed 
a  reaction.  It  is  said  that  the  supports  push  up  with  a  force  eqtial 
to  that  exerted  downward  by  the  load. 

In  Fig.  6  and  Fig.  T  the  reaction  at  the  point  of  support  is 
equal  to  the  combined  weights  of  the  beam  and  the  load. 

In  Fig.  9  the  reaction  at  each  support  is  equal  to  one-half  the 
total  weight 

In  Fig.  13  the  reaction  at  B  is  equal  to  the  moment  produced 
by  the  load  multiplied  by  the  distance  a,  divided  by  the  span.  The 
A  is  equal  to  the  reaction  at  B  subtracted  from  th^ 
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total  load.  The  above  operation  can  be  reversed  for  a  check.  The 
reaction  therefore  at  any  support  is  equal  to  the  load  multiplied 
by  its  distance  from  the  other  support  and  divided  by  the  span. 
The  reaction  at  the  opposite  support  is  the  difference  between  tie 
total  load  and  the   reaction   first   found. 

In  the  case  of  several  loads,  as  in  Fig.  14,  find  the  moment 
for  each  about  the  opposite  support  and  add  together  all  th'^e 
moments.  Divide  by  the  length  of  the  span  and  the  reaction  is  ob- 
tained. To  obtain  the  other  reaction,  add  the  loads  together  and 
subtract  the  first  reaction   from  the  sum. 

In  dealing  with  concentrated  loads  in  finding  reactions,  half 
the  weight  of  the  beam  is  afterward  added  to  each  reaction.  The 
weight  of  the  beam  can  therefore  be  neglected  in  the  calculations, 
provided  it  is  afterward  added. 

If  a  beam  projects  from  a  wall  and  rests  on  a  po^t  or  end  of  a 
braes,  like  a  balcony,  for  example,  there  will  be  two  reactions.  At 
the  wall  where  the  beam  is  fastened  the  reaction  will  be  downward 
and  at  the  support  it  will  be  upward,  provided,  of  course,  the  load 
is  outside  the  post.  If  between  the  post  and  wall  the  reactions  are 
figured  in  the  manner  already  described.  Multiply  the  load  by  the 
total  distance  from  its  center  of  gravity  to  the  wall  and  divide  by 
the  distance  from  the  wall  to  the  post.  This  gives  the  feaction  at 
the  post  and  this  is  plus,  or  acting  upward.  Subtract  this  from  the 
load  to  get  the  minus,  or  downward  reaction  at  the  wall,  or  tied  end. 

In  the  case  of  a  load,  ar.  shown  in  Fig.  13,  it  is  enough  to  sim- 
ply take  the  weight  of  the  whole  object  to  be  a  concentrated  load 
applied  at  its  center  of  gravity  and  calculate  accordingly.  The 
length  then   of  the   load  makes  no  particular  difference. 

It  is  because  of  the  reactions  there  are  bending  moments  and 
shearing  strains  in  beams,  so  we  have  to  find  the  bending  moments 
in  order  to  find  the  reactions. 

SHEARING  FORCE. 

If  abeam  is  made  of  a  tough  material  it  will  bend,  as  has  been 
shown,  whenever  the  ends  rest  on  supports  and  the  span  between  is 
free.  If  the  material  were  soft  it  would  cut  in  two  at  the  sup- 
ports, because  of  its  weight  and  the  weight  of  the  load.  This  action 
is  termed  shear.  It  exists  in  a  greater  or  less  degree  in  each  poiut 
in  the  length  of  the  beam. 
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[n  Fig.  6  the  shear  is  equal  to  the  total  load  and  is  the  same  at 
every  point.    The  shear  diagram  is  a  parallel ogram. 

In  Fig.  7  the  maximum  shear  is  at  the  fixed  end  and  is  equal 
to  the  weight  per  lineal  foot  multiplied  by  the  length.  The  shear 
at  any  point  is  equal  to  the  weight  per  lineal  foot  into  the  distance 
to  that  paint.     The  shear  diagram  is  a.  triangle. 

In  all  beams  the  maximum  shear  is  at  one  of  the.  supports. 
When  beams  rest  freely  at  both  ends  the  shear  is  equal  to  the 
greater   reaction   or   supporting  force. 

,  nmnnfYYYYi 


In  Figs.  19  and  20  the  shear  is  equal  to  one-half  the  total  load. 

In  the  shear  diagrams  the  shaded  parts  represent  the  amount 
of  shear  and  the  following  rules  explain  how  the  shear  diagram 
is  obtained. 

Calling  the  loads,  the  forces  acting  downward,  plus,  the  re- 
actions, forces  acting  upward  are  called  minus.  Beginning  with 
either  reaction,  put  it  down  wiih  its  sign.  Add  to  it,  algebraically, 
the  first  load.  This  gives  the  shear  for  every  point  from  the  origin 
to  that  point.  Add  to  this,  algebraically,  the  next  load  and  continue 
in  this  manner  until  the  end  of  the  beam  is  reached.  At  some  point 
on  the  beam  the  shears  become  positive  if  they  were  first  negative, 


A  study  of  Figs.  31,  23  and  23  should  make  this  plain.     In  Fig. 

21  the  maximum  shear    =  W    X  -^     In  Fig.  22  the  ioads  arc 

equal  and  at  equal  distances  from  the  ends.    The  maximum  shear 
is  therefore  equal  to  the  total  load. 

Reference  has  been  made  to  the  calculation  of  the  position  of 
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bending   moment.     The    points   of    maximum   bending 
occur  where  the  shear  changes  sign. 


/!f.li        lUlllUI 

A  general  rule  for  finding  the  bending  moment  at  any  point  of 
any  beam  is  to  add  together  the  bending  moment  at  the  origin,  tlie 
sum  of  the  moments  of  all  concentrated  loads  to  that  point,  in- 
cluding the  shear  at  the  origin,  and  the  sum  of  the  moments  of  the 
distributed  loads  about  the  same  point.  This  rule  can  be  checked 
by  constructing  a  force  diagram  and  measuring  the  bending  moments 
at  several  points  and  then  calculating  them. 

When  a  beam  is  uniformly  loaded  and  in  addition  carries  a  sin- 
gle concentrated  load  the  position  of  the  maximum  bending  moment 
is  found  by  dividing  the  moment  of  the  concentrated  load  by  liie 
distributed  load.  This  may  give  a  plus  or  a  minus  result,  which 
will  indicate  the  distance  to  the  right  or  left  of  the  middle  of  U^e 
beam  of  the  position  of  maximum  bending  moment  caused  by  the 
combination  of  the  loads.  It  is  a  good  plan  to  consider  the  origin 
as  being  at  the  left  in  calculating  the  moment  for  the  concentrated 
load. 

APPLICATIOMS. 

A  knowledge  of  the  actions  of  forces  in  beams  is  useful  in 

(Resigning  buildings,  culverts,  bins,  retaining  walls,  etc.,  and  as  the 

engineer  should  be  well  posted  in  bridge  work  before   designing' 

anything  larger  than  a  fifteen  or  twenty-foot  span  bridge,  we  ncfd 

■    not  touch  upon  the  subject  of  moving  loads. 

It  will  be  sufhcient  to  take  the  length  of  the  heaviest  engine  or 
wagon  that  will  cross  the  bridge.  Find  the  weight  and  distribute  it 
over  the  four  wheels.  Consider  the  two  wheels  on  one  side  as 
concentrated  loads  and  calculate  the  maximum  bending  moment 
for  these  loads  in  different  positions  on  the  beam.  Design  the 
beam  for  the  greatest  moment  found.  The  total  live  load  is  gen- 
erally distributed  in  calculations. 

The  expression,  wl*,  is  often  met    It  simply  means  that  w  is 
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the  unit  load,  the  load  per  foot  or  per  inch.  To  gel  the  total  load 
it  is  necessaiy  to  multiply  the  unit  load  by  the  length.  Then  in 
case^  where  the  total  load  has  to  be  multiplied  by  the  length  it 
really  amounU  to  the  unit  load  being  twice  multiplied  by  I,  or, 
rather,  by  1'. 

We  have  seen  that  for  a  beam  freely  supported  at  both  ends 

a  distributed  toad  causes  a  bending  moment,     M  =  ^-  and  when 

the  ends  are  fastened,    M  =■    ^^        In  reinforced  concrete  floors, 

lastened  finnlyonfour  sides,  it  ii  allowable  to  uae  M»^ 

A  floor  is  a  sl^  composed  of  beams  lying  side  by  side.  To 
calculate  the  strength  of  a  floor  we  simply  take  a  strip  one  foot 
wide  and  use  the  load  coming  on  that  portion.  A  wall  is  a  succes- 
sion of  beams  fastened  edge  to  edge.  If  the  beams  are  calculated 
as  being  vertical  they  are  all  cantilevers.  If  they  are  calculated  as 
being  horizontal  their  thickness  depends  upon  the  length  of  the 
beam  between  vertical  supports.  These  supports  may  be  columns 
or  buttresses  or  ties  in  the  rear.  In  olden  days  the  ties  in  the  rear 
were  called  counterforts  but  were  of  little  service,  for  a  severe 
load  against  the  wall  tore  it  from  the  counterforts. 

Today  the  use  of  reinforced  concrete  makes  counterforts  prac- 
tical and  really  useful.     A  retaining  wail  may  be  designed  as  a 
vertical  stab   held   in  place  by  counterforts   at   regular   intervals.  . 
This  will  be  taken  up  later. 

STRAINS   IN    STRUCTURES. 

It  has  been  mentioned  that  forces  may  be  represented  by  lines 
to  some  scale  and  the  direction  in  which  the  forces  act  may  be 
represented  by  the  direction  of  the  lines.  An  understanding  of 
these  principles  has  led  to  the  development  of  Graphic  Statics, 
or  the  art  of  calculation  by  drawing  lines. 

Fig.  24  is  the  old  familiar  diagram  of  the  parallelogram  of 
forces.  A  B  represents  in  amount  and  direction  a  certain  force. 
B  C  represents  in  amount  and  direction  another  force.  They 
act  together  at  the  point  B.  The  line  B  D  is  called  the  resultant. 
To  find  it  draw  a  line  from  A  parallel  with  B  C  and  draw  a  line 
to  intersect  it  from  C,  parallel  with  A  B.    The  line  B  D  connecting 
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the  opposite  corners  Is  the  resultant  in  amount  and  directim  that 
tends  to  move  the  object  at  the  point  B. 

The  same  result  could  be  obtained  in  a  neater  manner  by  setting 
off  the  line  A  B  from  the  end  C  of  B  C  and  completing  the 
triangle.  Any  number  of  forces  can  be  thus  connected,  by  joiniDg 
one  after  another  to  the  lines  already  drawn,  until  we  have  a  dia- 
gram lacking  one  side.  A  hne  drawn  to  fill  this  missing  part  of  the 
diagram  will  represent  in  amount  and  direction  the  resultant  of  all 
the  forces. 


Fig.  25  shows  two  common  arrangements  of  braces.  In  each 
case  draw  a  vertical  line  from  the  joint  to  represent  the  weight 
on  the  frame.  From  the  end  of  this  line  draw  lines  parallel  to  the 
pieces  of  frame  work.  The  lengths  of  these  lines  measured  on  the 
same  scale  as  that  of  the  vertical  line  gives  the  amount  of  force  «ach 
piece  puts  forth  to  resist  the  weight.  The  small  horizontal  lines  in 
the  diagram  (A)  represent  the  thrust  of  the  feet  of  the  braces 
against  the  abutments.  The  vertical  line  represents  the  total  weight. 
Part  is  borne  by  one  abutment  and  part  by  the'  other.  The  sum  of 
■  these  two  portions  represents  the  total  weight.  The  portion  of  the 
vertical  line  (measuring  downward)  intercepted  by  a  horizontal 
line,  represents  the  part  of  the  weight  borne  by  the  brace  toward 
which  that   horizontal   line  goes. 

Fig.  36  contains  several  diagrams  of  interest.  In  (1)  is  shown 
a  beam  A  C  having  a  rope  A-  B  C,  attached  at  each  end  and  carry- 
ing a  load  L,  To  the  right  draw  (2)  which  contains  a  vertical  line 
a  c  representing  the  amount  of  the  load.  The  lines  a  b  and  b  c 
are  drawn,  respectively,  parallel  to  A  B  and  B  C.  They  represent 
the  tension  in  those  portions  of  the   rope.     From  b  draw  b  d 
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parallel  to  A  C  This  shows  the  compression  in  the  beam  A  C. 
Only  a  portion  of  the  load  exerts  compression  on  A  C,  for  the 
whole  load  is  finally  carried  by  the  supports  on  which  the  beam 
rests.  The  line  a  d  shows  the  load  on  the  support  at  A  and  c  d 
shows  the  load  on  the  support  at  C 


In  (3)  is  shown  a  trussed  beam  A  C  loaded  with  a  load  L. 
There  is  a  vertical  strut  B  L  under  the  load  and  from  the  ends 
of  the  beam  to  the  lower  end  of  the  strut  are  ties  A  B  and  B  C 
On  the  right  draw  (4)  in  which  a  c  represents  the  load  drawn  to 
scale.  Draw  a  b  from  one  end,  parallel  to  A  B  and  draw  b  c  from 
(he  other  end  parallel  to  B  C.  They  will  meet  in  b  from  which 
point  draw  b  d  parallel  to  A  C,  which  represents  the  stress  on 
each  half  of  the  beam  A.  C.  The  loads  on  the  supports  are  shown 
by  c  d  and  a  d. 

The  trussed  beam  shown  in  (3)  of  Fig.  2G  can  be  inverted,  and 
instead  of  a  strut  L  B  there  can  be  used  a  rod.  The  rods  A  B 
and  B  C  can  be  replaced  by  rafters  and  we  have  a  simple  roof 
truss,  in  which  the  strains  are  reversed,  being  in  tension  where  they 
were   in  compression,   etc. 

Fig.  27  represents  a  roof  truss  of  a  mtwe  complicated  form. 
The  vertical  line  from  the  apex  is  a  tie  and  the  horizontal  tinea 
are  ties.  They  are  in  tension  and  the  inclined  pieces  are  in  com- 
pression. 

The  truss  is  figured  as  if  alone,  for  no  matter  how  many 
trusses  there  may  be,  when  one  is  calculated  the  rest  are  similar, 
except  at  the  ends,  but  there  the  walls  will  carry  the  load.    The 
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load  on  a  truss  consbts  of  the  weight  of  a  strip  of  roof  extending 
half  way  on  each  side  to  the  next  truss  and  from  one  support  to  the 
other.  That  is  a  strip  the  width  of  the  space  between  trusses  and 
in  length  equal  to  the  rafter  lengths.- 

Of  course  all  the  load,  including  the  weight  of  the  truss,  goes 
into  the  walls  and  sets  up  reactions.  But  this  is  neglected  in  com- 
puting strains  in  the  members.  The  total  load  is  divided  into  as 
many  parts  as  there  are  supporting  joints  on  the  rafters,  counting 
the  two  ends  as  one.  In  this  roof  there  are  four.  One  part  of  the 
load  is  supposed  to  act  at  each  joint  and  half  of  one  part  at  each 
end  where  the  roof  rests  on  the  walls.  In  the  calculations  this 
part  is  not  considered 

Draw  the  vertical  line  A  F.  A  B  represents  the  load  on  one 
wall  and  E  F  the  load  on  the  other  wall  so  far  as  the  distributed 
loads  go  to  the  joints.  The  part  B  C  represents  the  load  on  the 
joint  between  B  and  C.  That  between  C  D  the  load  at  the  apex 
etc.  From  B  draw  the  line  B  b  parallel  with  the  rafter  on  the  left 
and  from  E  draw  the  line  E  e  parallel  with  the  rafter  on  the  right. 
The  lengths  of  these  lines  represent  stresses  on  the  portions  of  the 
■  rafters  between  the  joints  and  the  feet. 

From  C  draw  the  line  C  c  parallel  with  the  rafter  on  the 
left  and  from  D  the  line  D  d  parallel  with  the  rafter  on  the  right. 
These  lines  represent  stresses  in  the  upper  ends  of  the  rafters. 

It  will  be  noticed  that  the  lines  are  lettered  with  capital  letters 
and  the  inside  spaces  have  small  tetters.  In  the  stress  diagram 
these  letters  are  at  points.  The  line  between  two  points  represents 
the   member   between   corresponding   letters    on  the  truss   diagram. 

Referring  again  to  the  diagram,  b  c  represents  the  stress  on  the 
strut  on  the  left  between  the  spaces  b  and  c,  and  e  d  represents  the 
stress  on  the  strut  on  the  right  between  the  spaces  d  and  e.  The 
vertical  line  c  d  represents  the  stress  on  the  vertical  tie  rod.  G  b 
the  stress  on  the  horizontal  tie  rod  on  the  left  side  and  G  e  the 
stress  on  the  horizotital  tie  rod  on  the  right  side. 

As  the  vertical  line  A  F  in  the  stress  diagram  represents  the 
total  load  of  the  roof  so  A  G  is  the  total  reaction  at  support  A  and 
G  F  the  total  reaction  at  the  point  F. 

The  stresses  are  divided  into  tensile  and  compressive.  In 
making  the  stress  diagram  we  commenced  at  A  and  Went  to  F. 
the  capital   letters  denoting  panel  points.     Following  'the  lines  in 
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the  same  order  all  stresses  acting  toward  panel  poinis  are  compres- 
sive and  those  acting  away  are  tensile,  the  vertical  weight  line 
not  being  considered.  From  G  to  e  is  a  tensile  stress.  From  b  to 
A  or  from  e  to  F  compressive.  The  forces  act  from  A  toward  the 
apex  so  following  them  in  that  direction  it  is  easy  to  determine 
the  nature  of  the  strain  in  each  member. 

The  method  of  Graphic  Statics  is  applicable  to  all  forms  of 
trusses,  to  retaining  walls,  arches,  etc.  With  the  elementary  ideas 
set  forth  here  any  man  with  a  little  careful  thought  should  be 
able  to  construct  a  diagram  of  forces  for  almost  all  simple  forms 
of  trusses.  Sondericker's  Graphic  Statics  ($2.00)  is  an  excellent 
book  for  further  study. 

Notice  the  words  "stress"  and  "strain."    Stress  is  a  measure 

of  a  force.    Strain  is  the  deformation  caused  in  a  piece  by  a  stress. 

APPROXIMATE   LOADS    PER  SQUARE    FOOT   FOR   ROOFS 

OF  SPANS  UNDER  T8   FEET  INCLUOINO 

WEIGHT  OF  TRUSS 


Roof  covered  with  comigat«d  Ibeete,  onbokrdn]    . 

Roof  oovaredwithcomgftMd  sheet*,  on  traardi  ...... 

Roof  covered  wJOialAU,  on  latht .IS 

S>me,oabaardaI}{Iii  tliick ig 

Root  covered  vltbililiiKtee,oa1atbB 10  ' 

Addto*bove,IfpUiteredbeloirTerters 10  ' 

Snow,  Ught,  welKhe  per  cntrfo  foot G  to  12   ' 

PoripeneoverTSfL  add  1  tbi.  to  the  atxive  loadiperiqnerefoot. 

It  iB  enitomar?  to  add  M)  lb*,  per  iqiure  toot  to  the  above  for  Ku 
and  vlttd  when  Mparats  calcnlatlone  ere  not  mad*. 

PRESSURE  OF  WIND   ON    ROOFS  (Unwin) 

•  BADgte  of  nirtace  of  njof  with  direction  of  wind. 

P  3  Force  of  wind  In  pound  b  per  eqnare  foot. 

■     ~ -e  normal  to  enrface  of  roor=P  Sin.  at-MOm.*!. 

n  perpendicular  to  direction  of  «lnd=F  Cot.  a  SIn.si.HOa 
:«  parallel  to  direction  of  wind=F  Sin.  a  i.H  Col  L 
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ROOF  TRUSSES 

STBESSBS    IN   UEUSESS   FOX    KOOF  TKUSSB3 
ES   AND  FITCHES  AS  GIVEN 
SELOW  AND    OF   ANV   SPAM 

Rule— To  find  the  stress  in  any  member,  maltiply  the 
coefficient  given  for  that  member  by  toul  dead  load  carried 
"by  truss  (=span  in  feet  X  distance  between  tmsses  in  feet  X 
weight  per  square  foot).  If  the  truss  is  acted  upon  by  wind . 
fmces  or  other  nnsymmetrical  loading,  the  stresses  in  the 
members  must  be  calculated  accprdingly  and  comUned  witli 
the  dead  load  stresses  as  found  below. 
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NOTES  ON   ROOFS  AND  LOADS  FOR  SAME 

ANOLBS  OF  HOOFS  AS  OOMMONLV  UBBD 
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RESISTANCE   OF   BEAMS. 


The  last  section  simply  mentioned  bow  to  calculate  the  mannef 
in  which  forces  a.cted  and  their  amounts.  Before  the  question  o£  re- 
sistance to  the  forces  can  be  taken  up  a  few  delinitions  must  be 
given  of  factors  used. 

When  a  piece  is  acted  upon  as  a  whole  the  resultant  of  the 
forces  must  pass  through  the  center  of  gravity  of  the  piece.  This 
is  the  point  in  which  the  whole  mass  of  the  body  might  be 
concentrated,  without,  affecting  the  force  of  gravity  existing  be- 
tween the  piece  (or  body),  no  attention  being  paid  to  the  relative 
positions  or  distances  of  the  body  and  other  adjacent  bodies. 

Parallel  forces,  (that  is,  forces  acting  in  the  same  line)  opposite 
in  direction,  balance  at  the  center  of  gravity.  A  weight  acting 
.  downward  is  met  by  a  resultant  at  the  center  of  gravity  and  the 
"  body  is  stationary.  If  the  points  of  application  varied  ever  SO 
little  there  would  be  a  moment  set  up  tending  to  rotate  the  body 
about  the  center  of  gravity. 

If  a  piece  of  paper  or  other  material,  is  cut  into  any  shape 
and  suspended  by  a  point  and  a  straight  line  drawn  across  in  the 
I  of  the  su^ending  line  it  will  pass  through  the  center 


0.  Google 


436 


ES'CINEERING    WORK. 


of  gravity.  If  it  is  then  suspended  by  another  point  and  a  line 
drawn  as  hefore  the  two  lines  will  intersect  in  the  center  ot 
gravity. 

What  is  called  the  center  of  gravity  is  really  the  center  of 
mass  or  center  of  area.  At  the  same  time  all  centers  of  mass  are 
not  strictly  centers  of  gravity. 

The  center  of  gravity  of  a  straight  line  is  the  middle  point.  Of 
a  parallelogram  the  intersection  of  lines  connecting  opposite  corners. 
Of  a  circle  the  center.  Of  a  triangle  the  intersection  of  the 
median  lines.  Fig.  23,  (1),  or  =  ^  the  distance  from  the  acute 
angle  to  the  opposite  side. 

When  a  segment  of  a  circle  is  cut  off  by  a  chord  normal  to 
the  radius  the  center  of  gravity  of  the  sector  i 

where  r  is  the  radius  ot  the  circle  and  A  is  half  the  central  angle  of 
the  sector  in  circular  measure.  The  center  of  gravity  of  a  para- 
bola =  %  b  h,  where  b  is  the  length  of  the  chord  normal  to 
the  axis  and  h  is  the  distance  from  the  chord  to  the  vertex. 


'(^^) 


f?f.2e 


Fig.  28  (2)  shows  a  general  method  for  determining  the  cen- 
ter of  gravity  ot  any  regular  figure.  It  requires  no  further  ex- 
planation. In  the  same  figure  (3)  shows  a  method  of  moments 
for  calculating  the  position  of  the  center  ot  gravity  of  an  irregular 
ligure.  Divide  the  area  into  any  number  ot  triangles,  rectangles, 
etc.,  and  ascertain  the  center  ot  gravity  of  each  and  also  the  area. 
Take  the  distance  of  each  center  of  gravity  from  the  boundary 
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line  (k  1  in  this  case)  and  multiply  successively  each  area  by  its 
distance  from  the  line.  Add  all  the  results.  Divide  this  sum  by 
the  sum  of  the  areas.  The  result  will  be  the  distance  of  the  center 
of  gravity  from  the  line  selected.  Take  next  a  line  at  the  side 
of  the  figure  and  make  the  same  calculations  with  respect  to  it. 
The  result  will  bj  the  distance  of  the  center  of  gravity  from  that 
line.  The  intersection  of  the  lines  drawn  through  these  position.^ 
parallel  to  the  boundary  lines  selected,  will  give  the  position  of  the 
poiat  called  the  center  (^f  gravity. 


^S39 


Fig.  29  shows  anoihef  method  of  calculating  the  position  ol  tlte 
center  of  gravity  in  a  retaining  wall.  Connect  the  opposite  corners 
with  lines  A  D  and  B  C.  Bisect  them  in  1  and  2.  Lay  off  C  4  = 
B  5  and  D  3  =  A  5.  Connect  the  points  as  shown  and  g  is  th; 
center  of  gravity.  The  line  E  G  represents  the  force  tending  to 
overturn  the  wall.  The  line  F  W  represents  the  weight  of  the  wall 
drawn  through  the  center  of  gravity.  F  R  is  the  resultant  and  D  I 
the  overturning  moment.  The  resultant  should  pass  through  the 
middle  third  of  the  base  to  insure  the  stability  of  the  wall.  This 
will  be  taken  up  later. 

The  method  of  momeijls  for  hnding  the  position  of  the  center 
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of  gravity  is  the  neatest  method  in  use.  One  example  may  be  given 
of  a  retaining  wall  composed  of  two  materials.  The  lower  part  of 
the  watt  is  of  a  heavy  stone  and  the  upper  part  of  brich,  for  ex- 
ample. The  center  of  gravity  of  the  whole  wall  will  not  be  the 
center  of  gravity  of  the  ar»a.  Divide  the  wall  into  two  sections 
and  find  the  center  of  area  for  each,  which  wilt  be  the  center  of 
gravity.  Perpendicular  lines  through  these  two  points  will  be 
parallel,  but  at  a  distance  apart,  enough  to  cause  an  appreciable 
moment. 

The  vertical  distance  forms  a  lever  having  at  each  end  a 
weight  corresponding  to  the  weight  of  the  section  in  which  it  termi- 
nates, for  the  weight  of  the  wall  is  assumed  as  being  concentrated 
in  the  center  of  gravity.  By  the  theory  of  the  lever  the  point  on 
this  vertical  line  at  which  these  weights  balance  is  the  position  of 
the  center  of  gravity  of  the  entire  wall  with  respect  to  forces  that 
might  make  it  rotate  from  side  to  side. 

The  horizontal  distance  forms  a  lever  having  at  each  end  a 
weight  corresponding  to  the  weight  of  the  section  through  whose 
center  of  gravity  the  respective  ends  of  this  arm  passes.  Using 
again  the  principle  of  the  lever  the  length  of  the  arms  causing 
the  moments  to  balance  can  be  found.  Through  the  fulcrum  on  the 
vertical  line  draw  a  horizontal  line  anri  through  the  fulcrum  on  the 
horizontal  arm  draw  a  vertical  line.  The  intersection  will  be 
the  center  of  gravity  of  the  complete  section. 

MOUENT    OF    RESISTANCE. 

When  a  beam  bends  the  upper  fibers  are  compressed  and  the 
lower  fibers  are  stretched.  At  some  point  between  the  top  and 
bottom  of  the  beam  is  a  plane  section  termed  the  neutral  axis, 
where  the  fibers  undergo  no  change.  This  neutral  axis  passes 
through  the  center  of  gravity  of  the  section.  In  a  beam  of  rect- 
angular cross  section,  composed  of  a  material  uniform  throughout, 
the  neutral  axis  is  midway  between  the  top  and  bottom. 

It  the  lower  part  of  the  beam  is  composed  of  one  material  and 
the  upper  part  of  another  the  position  of  the  neutral  axis  depends 
upon  the  readiness  with  which  each  material  distorts  under  stress. 
This  quality  is  known  as  the  modulus  of  elasticity.  It  is  important 
to  remember  this  in  the  calculation  of  reinforced  concrete  beams. 
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In  ascertaining  the  position  of  the  center  of  gravity  of  the  com- 
pound retaining  wall  an  example  is  given  of  how  the  combination 
of  different  materials  affects  the  position  of  the  center  of  gravity. 
It  is  important  to  remember,  therefore,  that  the  neutral  axis  in 
beams  and  columns  passes  through  the  center  of  gravity  of  sections 
and    that   the   center   of   gravity   is   not   always  the    center   of   the 

If  a  body  is  perfectly  elastic  it  will  lengthen  or  shorten  in  direct 
proportion  to  the  strain.  Suppose  3  bar  to  be  stretched  by  a  certain 
puti  until  it  has  been  appreciably  lengthened.  Multiply  the  original 
length  of  the  bar  hy  the  force  and  divide  the  product  by  the  small 
extension  caused  by  the  force.  The  quotient  Is  known  as  the 
"modulus  of  elasticity"  and  is  generally  indicated  by  the  letter  E. 

Every  material  has  a  certain  modulus  of  elasticity  which  may 
be  low  for  stone,  brick,  concrete,  etc.,  and  high  for  iron  and 
sCeeL 


To  resist  the  bending 
possess  a  "moment  of 
R.     The  moment  of  resistance 
usually  not  clearly  expressed 


explain  without  the  use  of  the  calculus. 


already  described  a  beam  must 

usually  designated  by  the  letter 

dependent  upon   several  things 

elementary  text  books  and  hard  to 
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In  Fig.  30  the  figure  A  B  C  D  represents  a  portion  of  a  beam 
bent  by  a  load  applied  at  E.  .The  beam  is  bent  on  a  circle  with  a 
very  large  radius,  the  center  of  the  circle  being  represented  by  O. 
The  beam  having  bent  has  compressed  on  the  upper  side  and  ex- 
tended on  the  lower  side.  To  obtain  the  amount  make  the  line 
f  e  parallel  to  E  F  and  passing  through  a  line  midway  between  the 
top  and  bottom. 

This  line  is  the  neutral  axis  and  the  distance  G  e  shows  the 
amount  of  the  compression  and  the  distance  f  H  the  amount  of 
the  extension.  The  alterations  of  length  are  proportional  to  the 
stresses,  hence  the  stresses  in  any  fibre  are  proportional  to  the 
distance  of  the  fibre  from  the  neutral  axis. 

This  can  be  proven  by  calling  s  the  unit  fibre  stress  and  s.y 
the  stress  at  a  distance  y  from  the  neutral  axis.  Imagine  the 
area  of  the  section  of  the  beam  to  be  composed  of  an  infinite 
number  of  strips  parallel  to  the  neutral  axis.  The  stress  on  one 
of  these  strips  at  a  distance  y  from  the  neutral  axis  will  be  s.a.y 
where  a  represents  the  area  of  one  of  the  strips. 

The  beam  rests  on  the  supports  and  the  load  is  pressing  it 
down.  Consequently  it  can  only  move  downward  bodily  or  break 
by  opening  at  the  bottom.  The  tendency  to  open  at  the  bottom 
must  be  resisted  by  an  equal  tendency  at  the  top.  The  top  forces 
can  be  called  plus  and  the  lower  forces  minus  and  each  is  repre- 
sented by  the  expression  s.a.y,  where  the  period  represents  the 
multiplication  sign. 

If  these  forces  do  not  balance,  the  section  of  the  beam  repre- 
sented by  the  line  G  H  will  rotate  around  the  point  k.  As  this  is 
impossible,  it  is  evident  the  algebraic  sum  of  the  forces  above  and 
below  the  neutral  axis,  caused  by  the  load,  must  be  zero.  That  is, 
they  must  balance.  As  s.a.y  represents  a  moment  of  force  then 
the  statement  that  all  the  moments  around  the  point  k  balance, 
proves  that  the  neutral  axis  must  be  in  the  middle  of  the  beam, 
if  the  material  is  uniform. 

In  the  section  on  centers  of  gravity  the  method  of  moments 
was  explained.  It  was  shown  that  the  product  of  the  whole  area 
into  the  distance  of  its  center  of  gravity  from  a  certain  point  is 
equal  to  the  sum  of  the  products  of  the  separate  areas  into  their 
distances  from  the  same  point.    Arguing  from  this  we  prove  that 
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the  neutral  axis  must  pass  through  the  center  of  gravity  of  the 
section  of  the  beam,  whether  it  is  a  simple  or  a  compound  beam. 

Since  the  section  on  the  line  G  H  is  not  subjected  to  rotation 
because  of  the  action  of  the  opposite  forces  the  statical  moments 
acting  in  opposite  directions   must  be  equal. 

The  statical  moment  of  the  fibre  resistance  of  some  area  distant 
y  from  the  neutral  axis  is  equal  to  the  fibre  stress  into  the  distance 
y  multiplied  by  the  area  a  into  the  distance  y.,  expressed. 
s.y.a.y ;  or  s.a.y* 

On  the  lower  side  of  the  neutral  a; 
above  plus.  The  algebraic  sum  will  be  z 
will  balance. 

The  common  factor  s  cannot  be  zero  so  is  taken  out  and  we 
have   left  a.y",   which   represents  the   sum  of  the  products   of  each 


infinitesimal  strip  multiplied  by  the  square  of  its  distance  from 
the  neutral  axis.  This  expression  is  called  the  Moment  of  Inertia 
and  is  represented  by  the  letter  I. 

The  moment  of  inertia  divided  by  the  extreme  distance  of  the 
most  stressed  fibre  from  the  neutral  axis  is  an  expression  deiiig- 
nated  by  the  letter  S  and  called  the  section  modulus.  The  section 
modulus  multiplied  by  the  fibre  stress  gives  the  moment  of  re- 
sistance. The  moment  of  resistance  is  caused  by  the  bending 
moment  and  must  be  at  least  equal  to  it  or  the  beam  will  bend  or 

The  section  modulus  is  entirely  dependent  upon  the  shape 
of  the  beam  section  and  independent  of  the  material.  The  follow- 
ing example  of  the  calculation  of  the  section  modulus  of  a  rec- 
tangular beam  may  assist  in  making  the  subject  clear.' 
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It  has  been  stated  that  the  section  modulus  is  equal  to  the 
moment  of  inertia  divided  by  the  extreme  distance  of  the  most 
stressed  liber  from  thf  neutral  axis.     Assuming  a  unit  depth,  d,  then 


hd'       2  _  bd' 
*■"  T2  ^  d  ~  "6" 
The  following  description  not  involvinfi  ihc  use  of  higher  mathe- 
matics has  been  found  useful; 

Let  R  =  moment  of  resistance  in  inch  pounds. 
b  =  breadth  of  beam  in  inches. 
d  =  depth  of  btam  in  inchfis. 
s=umt  fiber  stress. 
In   Fig.  31   the  horizontal   lines   in   the   Iriangular   spaces  repre- 
sent the  forces,  or  fiber  stresses,  and  the  arrow  points  indicate  the 
directions  in   which   ihey  aei.     As  these   forces   increase  towards 
the  outside  of  the  beam  the  area  of  the  triangle  may  be  considered 

as  made  up  of  the  sum  of  these  stresses  and  equal  to  -^j- 

The  ccntroid  of  the  forces  in  each  triangle  is 


-(4) 


since  nil  forces  acting  on  a  body  act  through  the  cc:;ter  of  gravity 
and  the  center  of  gravity  of  a  triangle  is  2/3  the  distance  from  the 

For  ihe  sake  of  the  discussion  (referring  to  the  following  p^e 
to  prevent  the  grounding  of  wrong  impressions),  we  will  assume 
each  triangle  to  be  fill^  with  a  perfectly  elastic  substance,  like 
rubber,  fastened  to  the  ends  c  A  and  b  A,  of  the  sections  of  the 
beam.  When  a  load,  represented  by  the  arrow,  comes  on  the  beam 
the  action  of  the  resistance  may  be  expressed  thus: 
_     b.s.d  ^  2d      s.b,d» 


I  of  the  distances  from  the  neutral 
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to  be  midway  between  G  and  H  where  the  dotted  line  is  drawn. 
The  dotted  line  parallel  with  G  H  and  also  shown  on  Fig.  31,  where 
it  is  marked  M  A,  requires  explanation. 

This  line  represents  the  mopient  arm  of  the  resisting  forces 
in  the  beam.  In  a  number  of  reinforced  concrete  theories  put 
forth,  the  moments  of  the  concrete  and  in  the  steel  are  balanced 
around  the  neutral  axis.  That  is.  the  tibre  stress  is  multiplied  by  an 
arm  equal  to  the  distance  from  the  neutral  axis  to  the  center  of  grav- 
ity of  the  section.  Upon  such  an  hypothesis  the  action  is  thought  to 
be  !ike  a  pair  of  scissors  having  a  joint  on  the  neutral  axis. 

As  the  weight  is  applied  from  the  outside  the  action  is  repre- 
sented in  Fig.  30.  This  being  the  case  the  triangle  that  stretches 
may  be  represented  by  one  having  a  height  equal  to  the  depth 
of  the  beam  and  a  width  at  the  bottom  equal  to  d  e  (Fig.  31).  The 
triangle  that  compresses  has  a  height  equal  to  the  depth  of  tht  beam 
and  a  width  equal  to  c  b  (Fig.  31).  These  two  triangles  are  super- 
imposed and  when  the  forces  that  balance  are  struck  out  the  form 
of  strains  left  is  like  that  shown  in  Fig.  31.  In  other  words,  the 
neutral  axis  is  not  a  fulcrum  around  which  opposing  actions  work, 
but  is  merely  the  point  where  two  opposing  forces  balance  and 
therefore  equate  to  lero.  The  moment  arm  is  the  distance  between 
the  points  where  the  force  in  each  half  of  the  beam  is  concentrated. 

As  the  .section  modulus  is  a  guide  to  the  strength  of  a  beam 
and  is  constant  for  all  conditions  of  loads,  independent  of  the 
spans,  a  table  of  S  once  calculated  is  good  for  all  time.  It  does 
not  vary  in  proportion  to  weight,  so  frequently  the  lightest  beam 
having  the  proper  value  of  S  is  the  best  to  use  for  the  sake  of 
economy. 

Let  M  equal  the  bending  moment  in  inch-pounds  and  S  equal 
the  section  modulus  in  inch  units.     Let  s  equal  the  allowable  libre 


Then  M  =  Ss  =  R,    and     S: 


M 


Having  shown  by  the  calculation  of  the  section  modulus  of  3 
rectangular  beam  how  the  shape  is  all  that  has  to  be  considered,  we 
may  use  any  form  by  using  ihe  correct  value  of  S.  We  may  use  any 
material  by  using  the  right  value  of  s.  We  may  use  any  system  of 
loading  and  change  it  as  wc  desire  by  substituting  for  M  its  proper 
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value  in  terms  of  length  or  span,  and  of  the  loads,  either  con- 
centrated or  distributed. 


PROPERTIES    or   USUAL   SECTIONS. 
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A  few  values  of  the  moment  of  inertia  and  of  the  section 
modulus  are  here  given  for  use  in  simple  work.  For  other  shapes 
the  reader  is  referred  to  the  hand  books  of  the  sleel  companies  and 
many  excellent  books  on  design  of  structures.  Godfrey's  hand 
Book  ($2.50)  is  good. 

SEAM   FORMULAS. 

It  has  been  shown  that  the  greatest  bending  moment  in  inch- 
pounds  equals  the  section  modulus  times  the  allowable  fibre  stress, 
and  that  the  section  modulus  equals  the  bending  moment  in  inch- 
pounds  divided  by  the  allowable  fibre  stress. 

If  the  quantities  are  in  foot  pounds  then  the  bending  moment 
equals  one-tweHth  the  section  modulus  multiplied  by  the  allowable 
fibre  stress  and  the  section  modulus  equals  the  bending  moment 
divided  by  the  fibre  stress  multiplied  by  iwelve. 

After  the  foregoing  explanations  it  is  not  necessary  to  give  a 
number  of  rules  and  formulas,  for  anyone  can  deduce  rules  to 
apply  to  any  shape  of  beam. 

The  tables  of  strength  of  materials  here  following  will  enable 
them  to  be  applied  to  any  materials.  The  modulus  of  elasticity  has 
been  referred  to  already  and  it  is  the  basis  of  comparison  between 
materials  as  the  seclicMi  modulus  is  between  shapes. 

The  strengths  here  given  are  the  ultimate  strengths  of  the 
materials.  For  safe  loads  divide  as  follows :  For  wrought  iron 
and  steel  divide  by  four;  for  cast  iron,  divide  by  four;  for  wood, 
by  eight,  and  for  stone  by  six. 

The  usual  fibre  stress  (safe)  used  for  hard  steel  is  16,000  pounds 
to  the  square  inch  in  tension,  and  for  soft  steel  from  10.000  to 
12,500  pounds  per  square  inch. 

DEFLECTION  OF   BEAMS. 

The  elastic  limit  of  a  beam  is  sometimes  confused  with  the 
modulus  of  elasticity.    They  are  different  factors,  however. 

All  materials  are  to  some  extent  elastic.  They  will  return  to 
their  original  form  when  the  load  is  removed.  Finally,  however, 
a  load  may  be  applied  which  will  permanently  lower  their  modulus 
of  elasticity.  The  material  then  has  taken  what  is  called  a  "set." 
It  has  reached  its  elastic  limit,  which  is  usually  about  six-tenths  the 
ultimate  strength. ' 
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All  beams  bend  even  when  strong  enough  to  carry  the  load  placed 
on  them.  A  limit,  however,  is  placed  on  the  bending,  or  deflection, 
and  when  a  beam  is  not  strained  beyond  the  elastic  limit  the  deflec- 
tion in  inches  is  as  follows : 

WxL'Xc 

Def.  = 

EXI 
Where  W  ■=  weight  in  pounds, 
L  =  span  in  inches, 
c  =:  a  constant, 

E  =  modulus  of  elasticity,  and 
I  =  moment  of  inertia. 
The  following  values  of  c  are  used : 

Beam  supported  at  bolh  ends,  loaded  in  center 0,031 

Beam  supported  at  both  ends,  uniformly  loaded 0.&13 

Cantilever  loaded  at  end 0.333 

Cantilever  uniformly  loaded  0.125 

In  order  not  to  crack  plastering  no  beam  should  deflect  more 
than  one-fortieth  of  an  inch  per  foot  of  span. 

The  modulus  of  elasticity  of  steel  is  from  39,000,000  to  31,000.000 
pounds.  For  east  iron  about  15,700,000  pounds.  For  wrouj^t  iron 
about  se,000,000  pounds.  For  oak  and-pine  (average),  1,300,000 
pounds.    For  concrete  from  2.000,000  to  3,000,000  pounds. 

COLUMNS. 

Columns  may  be  in  one  of  three  classes  as  shown  in  Fig.  3S. 

They  may  fail  by  bending  or  crushing,  or  both.  The  strength 
to  prevent  crushing  depends  upon  the  compressive  strength  of  the 
material  of  which  the  column  is  made.  The  ability  to  stand 
without  bending  depends  upon  a  factor  called  the  "radius  of 
gyration."  The  ability  to  stand  without  either  crushing  or  bending 
depends  upon  the  quality  of  the  material  and  the  design. 

A  short  column  is  stiller  than  a  long  one  of  the  same  material. 
The  tirst  class  of  columns  is  fixed  at  both  ends  and  is  the  strongest, 
considering  the  section.  The  one  that  is  fastened  at  one  end  and 
hinged  at  the  other,  or  with  a  pin  end,  is  not  so  strong.  The  weak- 
est form  is  a  column  with  two  pin  ends.    When  the  fixed  column 
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bends  it  has  two  points  of  contra  flexure  i(  both  ends  are  fast  or 
one  point  if  only  one  end  is  fast. 

Reinforccil  concrete  columns  must  have  the  loading  reduced 
when  the  length  exceeds  len  times  the  diameter.  The  length  should 
never  exceed  fifteen  times  the  diameter.  The  extreme  of  length, 
however,  is  generally  governed  by  the  size  of  the  column,  which 
increases  rapidly  with  height  and  consequently  takes  up  valuable 
floor  space. 

Wooden  columns  should  follow  the  same  general  rule  as  rein- 
lorced  ccmcrete. 

Steel  and  iron  columns  and  struts  need  to  be  reduced  for  load 
after  reaching  a  length  of  twenty  times  the  least  width  and  should 
never  exceed  fifty  times  the  least  width. 


\  w 


Jl 


/V3£ 

A  beam  begins  to  act  as  a  column  in  the  upper  half  as  soon  as 
loaded.  Therefore  after  a  wooden  beam  has  a  .span  of  twelve  times 
the  least  width  it  should  be  braced  laterally  and  a  steel  or  iron  beam 
should  be  braced  laterally  for  the  same  reason  after  the  span 
exceeds  twenty  times  the  least  width.  Usually,  however,  they  are 
braced  at  closer  intervals. 


RADIUS  0 


GYRATION. 


An  eminent  engineer  once  said:  "The  radius  of  gyration  is 
one  of  the  most  happy  ideas  of  the  fathers  of  engineering  termi- 
nology. Il  is  a  first-class  name,  for  it  is  not  a  radius  and  has 
nothing  to  do  with  gyration."  The  radius  of  gyration  seems  to  have 
been  a  stnntbling  block  to  many  writers.     The  writer  has  never 
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seen  a  definition  that  was  capable  of  ready  comprehension  by  the^ 
average  man. 

The  term  is  one  in  common  use.  and  is  a  facto)'  used  in  the 
formulas  for  columns.  It  is  to  column  formulas  what  the  section 
modulus  is  to  beam  formulas.  The  radius  of  gyration  of  any 
section  is  the  square  root  of  the  moment  of  inertia  divided  by  the 
section  area,  and  is  written  r. 

Suppose  a  plank  three  inches  thick-  and  twelve  inches  wide  is 
used  as  a  column  or  strut.  After  a  certain  load  has  been  placed  on 
the  end  it  begins  to  bend.  To  stifFen  it  a.  plate  of  steel  half  an 
inch  thick  is  bolted  to  each  of  the  sides.  This  makes  a  four-inch 
column  of  it.  If  the  plates  stiffen  it  sufficiently  then  the  radius  of 
gyration  of  that  column  is  the  distance  from  the  neutral  axis  to  the 
center  of  gravity  (or  area)  of  one  of  the  added  sections.  In  this 
case  one  and  three-quarter  inches. 

Take  another  example.  A  three-inch  solid  cast  iron  column 
is  bending  under  a  load.  It  is  taken  down,  but  as  no  other  material 
can  be  had  it  is  recast  into  the  shape  of  a  hollow  eircutar  column. 
It  then  holds  the  load  perfectly,  although  no  new  material  has  been 
added,  because  the  radius  of  gyration  has  been  increased. 

Every  section,  except  circles,  has  at  least  two  radii  of  gyra- 
tion,   The  least  radius  is  the  one  used. 

COLUMN  FORMULAS. 

For  columns  many  formulas  are  used.  The  older  formulas  were 
extremely  complicated,  as  they  were  generally  deduced  by  reasoning 
upon  a  slight  foundation  knowledge  of  the  properties  of  materials. 
Modern  formulas  are  known  as  straight  line  formulas  and  are  de- 
duced from  experiments  on  full  size  columns. 

W  ^=  safe  load  in  pounds. 

1  =  length  of  column  in  inches, 

r  =:  least  radius  of  gyration, 

b  =.  breadth  in  inches  of  least  side,  c 

p  =  working  stress  in  lbs,,  per  sq,  ii 

a=;area  in  square  inches. 
Steel  Column — 

W  =  pXa 


-'(i) 
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Wooden  Column — 

First  Case — Length  not  more  than  twelve  times  the  diameter  or 
least  breadth. 

W  =  aXc. 

Where  c  equals  one-tenth  the  strength  in  the  tables  of  strength 
of  materials. 

Case  II. — Length  more  than  twelve  times  the  diameter. 

Yellow  pine,    p  =  850  ~  8.fi  ^-1") 

Oak  and   Norway   fir,     p  =  780—  7.41     (~\ 

White  pine  and  spruce,    p  =  830  —  6  ( -j— ) 
iloUow  Round  Cast  Iron — 
p  =  7625 


-«(i) 


Columns  and  walls  and  roof 'joints  carry  a  load  equal  to  that 
•iver  an  area  measured  half  way  to  the  next  support  in  each 
direction. 

As  a  general  rule  the  compressive  strength  of  wrought  iron 
and  steel  is  equal  to  the  tensile  strength. 

Cast  steel  in  compression  is  about  20  per  cent  stronger  than  in 
tension. 

Cast  iron  is  six  times  stronger  in  compression  than  in  tension, 
a  fact  to  be  remembered  in  designing  cast  iron  beams. 

Wood  is  generally  about  two-thirds  as  strung  in  compression  as 
it  is  in  tension. 

Stone  and  masonry  generally  ten  times  stronger  in  compression 


The  loads  usually  figured  for  buildings  are  as  follows :  . 

Roofs    40  lbs.  per  sq.  ft. 

Floors  of  dwellings  and  offices 70   "      "      "    " 

"     churches,  theatres  and  ballrooms  Via    '*      "      "    ' 

"    warehouses aoo  to250    "      "      "   " 

"    for    heavy    machinery 350  to  400   "     "     "  " 
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BEARING  PftESSUBES. 

Ordinary  slone   iSOlbs.persq.  in. 

Good   stone    300   "      "     "   " 

Brick  in  lime  mortar 150  "      '     "   " 

Brick  in  cement  mortar 200  "     "     "   " 

Concrete  equal  to  best  stone. 

Rock  in  place  will  bear  from  S  to  200  tons  per  sq.  ft 

Dry  clay  from  2  to  6  tons  per  sq.  ft. 

Soft  clay  from  1  to  2  tons  per  sq.  ft. 

Gravel  from  6  to  10  tons  per  sq.  ft. 

Sand  from  3  to  6  tons  per  sq.  ft. 

Usual  earth,  etc.,  from  0.5  to  1  ton  per  sq.  ft. 

Feet  of  piers  and  masonry  columns  and  walls  should  be  stepped 
off  at  an  angle  of  about  sixty  degrees  with  the  horizontal  to  spread 
the  load. 

Piles  generally  carry  from  10  to  IS  tons  each.  Loads  as 
great  as  forty  tons  have  been  used. 

The  Engineering  News  formula  for  the  bearing  load  of  piles 
is  the  best  the  author  is  acquainted  with  and  is  one  in  common  use. 

Let  p  =  safe  load  in  tons. 

d  =:  penetration  in  inches  under  last  blow. 
W  ^  weight  of  ram  in  tons. 
h  =  height  of  fall  in  feet. 

This  formula,  and  the  fact  is  true  for  all  pile  driving  formulas, 
should  be  used  only  when  the  pile  is  moving  at  each  blow  but  with 
a  perceptible  lessening  of  movement.  It  is  not  good  when  the  pile 
refuses  to  go  any  further, 

A  pile  driven  to  "refusal"  may  be  resting  upon  rock  and 
thus  be  able  to  bear  almost  any  load  within  the  limits  of  the  crush- 
ing strength  of  the  wood,  or  it  may  have  struck  some  small  obstruc- 
tion and  be  shattered  as  well.  A  good  rule  to  follow  is  to  stop 
driving  when  the  pile  stops  moving,  but  do  not  continue  driv- 
ing after  the  above  formula  shows  it  is  driven  enough  to  carry 
the  intended  load.  A  pile  is  a  column  and  the  radius  of  gyration 
ia  not  considered  in  computing  the  bearing  power,  for  the  necessary 
stiffness  is  furnished  by  the  earth  in  which  it  is  driven. 
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WOODEN  BEAMS. 
Table  ot  sate  qaleicent  load!  for  borizontal  recMaKaUr  beanu 
of  white  pine  or  ipruce  one  inch  broad,  lupported  at  both  endi. 
the  load  being  eqinlly  distributed  over  the  span. 
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This  table  lull  been  calculated  for  extreme  fiber  strain  of  lOOO 
lbs.  per  iqnare  inch,  being  one-siith  the  breaking  Btraia,  ordinary 
bnUding  timber  of  fair  quality. 

Oak  and  yellow  pine  will  carry  a  load  one-foarth  greater. 

When  more  accuracy  is  required,  the  weight  of  the  beaift 
itMlt  must  be  deducted. 

Care  must  b«  taken  to  let  the  beams  rest  toi.a  sufliclent  dis- 
tance on  their  supports  to  gn^rd  agBinat  crushing  at  the  ends, 
•specially  In  placing  very  heavy  loads  upon  short  but  deep  and 
ftrong  beams. 
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in  pounds,  uniformly  tlislribuIAl,  for  yellow 

AUownble  fiber  strain  1,800  lbs,  persci,  in.    F 

rway  pine,  safe  load  should  not  escced  i  of  Ih 
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Si! 

12.218 
7,928 

l?:3li! 

11.411 

10,041 

20,760     28,460 
15,200,  22,880 

32.840 

.|! 

«40 

( 

;!i 

■i:!!8 

15,015 

10,080 

10,470 

14,428 

ijffl!  as 

30.103 

Span 

Sl?.Z 

OF   G» 

Bl. 

Febt 

Ili^l3i 

■IRIS. 

111x171  lHxl»il3ixlB) 

iSSiS, 

,iK!!„iSi!. 

,iK, 

10 

41.817 

55.267 

70,437 

87,457 

84,887 

82,887 

102,887     94.937 

117.877 

12 

34,930 

48.048 

58,898 

72.880 

54,058 

88,968 

85.558     79,114 

98.233 

n 

3tl,4«B;   50.312 

82,470 

48,834 

59,082 1   73.334     87.812 

84.198 

,6 

aa,ifl8 

34.538     44.024 

54,660 

40,642 

61,880  1  64.188  1  58,338 

73.873 

IS 

23.2S7 
18,158 

a7;8*5|   39,132 

48.687 

gffi 

46,937  1  58,960 

62,7*3 

6S.487 

20 

l!;i55 

27,830  I   35,220 
22.284  1   32,040 

isitooj  26:485 

43.728 

28:i36 
21: 600 

37:811:   46,877 

47,489 

58.938 
49:26! 

.. 

10;2I2 

isiisal  22:353 

38,440 

27,028 

34,478     42,778 
26.123     36,060 

39.5571   49,116 
29,993     41,390 

Above  heavy  horisonlBl  linos  loads  ate  calculated  for  both  itr«Djtb  ai 
ness.  Below  heavy  honzonlal  lines  tlie  upp«  luiU  are  for  stceogth;  th>  kiwi 
an  for  Btiffneu,  with  s,  defieetioo  not  exceeding  A  in.  per  ft.  ipan.  The  gn* 
of  «bova  table  ii  taken  (ram  "  Standard  Wood  Constmetiod." 
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8«f«  Lo«ds.  In  Ton*  of  2,000  Iba.,  for 

Squar*  Wdod«n  PosU. 


IsLcnsth  of  poat  iD.lnctiei.    d=Wii]U 


Height 

Side  of  8quar(  Post  in  inches. 

in  fett. 

« 

e 

» 

v> 

M 

" 

,. 

,. 

«» 

t 
1 

10 

n 

i 

10 

at 

M 

i 

s 
i 

•  .4 

9.9 

'1 

1!:! 

e.8 

!:! 

s.a 

1.8 

si 

i.B 

i!s 
sis 

lis 

W.7 

1:1 

18.1 
l«.l 

iiil 

lO.l 
1.0 

l\ 

i.a 

M.I 

M.B 

80.7 

II 

1T.8 

ili! 

li 

e:i 

117.0 

'si! 

n.o 

11 

uia 

n.o 

*6.« 

S'l 

SD.S 

11:! 

Si 

1M.« 

isi! 

li 

»:■ 

«.T 

fiB.r 
n.g 
a.T 

48.4 

40.9 

E;f 

£:! 

W.7 

£:! 
li 

11 

IS:? 

199.1 
llBiS 

11 
77  :e 

■«!4 

i1 

S:? 

41. e 

Si 

II 

g:S 

SI 

sm.s 

ill 

1S:J 

1»:8 

IS:! 
11 

TE.S 

70.8 

Si 
%i 

Note.— 0»k  poiU  will  carry  loads  IS  par  cent.  Krealer  ttwn 
given  above.  Soutbem  jrelloir  pioe  will  carry  loada  40  per  cent 
greater  than  given  above.  The  loadi  given  In  tabl*  are  tor  posts 
in  permanent  atrttdnrea.  For  poits  In  temporary  atmctnTea  add 
V  per  eent  to  the  above  load*. 

— JONE5  &  LAl-RHLIK   HANIl  I 
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SINGLE  I  BEAM  COLUMNS. 

Safe  Loada  in  Tons  of  2,000  Iba. 
AMnmsd  Mrftin  par  sqnate  in.=ltJSOO  lbs.    Redacsd  by  Gordon** 


Is 

1 

LSKOTH  IN  FeET. 

I 

10 

13 

14 

16 

18 

20 

32 

34 

26 

- 

80 

ii 

100 
80 

148 
117 

135 
110 

124 
102 

US 
94 

103 
86 

93 

79 

84 
71 

76 
66 

70 
50 

M 

40 

20 

30 
30 

100 

80 
65 

151 
138 
04 

140 
114 

86 

129 

lOB 
78 

117 
97 
70 

108 
89 
68 

98 
81 

67 

89 
74 
61 

82 
67 
46 

74 
62 
42 

67 

67 

63 

m 

15 
15 

IG 
15 

100 
80 
60 
42 

149 
130 

87 
58 

138 
111 
80 
53 

126 

103 
73 
46 

116 
93 
66 

41 

106 
86 
59 
86 

96 
77 
53 
82 

8tf 
70 
48 

28 

79 
6S 
43 

71 
68 
80 

62 
53 

IS 
12 
13 

55 
40 
811 

74 
64 
43 

66 
BO 

37 

69 

44 
33 

52 
80 

29 

46 
86 
36 

41 
81 
33 

36 

28 
30 

10 
10 

40 
2S 

40 
32 

48 

38 

37 
25 

32 
22 

28 
19 

!? 

B 

35 

31 

41 
26 

8S 
28 

80 
20 

26 
17 

23 

15 

13 

8 
8 

??t 

28.2 
30.0 

24.6 
18 

20.8 
15.fi 

17.8 
IS. 8 

16.6 
11.5 

7 
7 

20 
IQ 

21.2 
16.6 

17,0 
14. 1 

15 
13 

12.8 
10.8 

6 
6 

17 
13 

17 
12.7 

15.1 

10.7 

11.8 
9 

10 

7.6 

S 
5 

'^ 

13.5 
0.2 

11 
7.6 

9.1 

e.3 

4 

4 

■?l 

8,7 
6.4 

7 
6.1 

3 

l\ 

5.6 

4.3 

4,4 
8.3 
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HOLLOW  CYLINDRICAL  CAST  IRON  COLUMNS. 

8af«  Load*,  In  Tons  of  2,000  lbs.„ 
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STANDARD   "t"   BEAMS 
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8TRBNOTH  OP  MATERfALS. 

UltlitiaM  Realatano*  to  Tanslon. 

In  poaodt  per  square  Incb. 

M«tals  and  Alloys. 

Alumimtm  Bronze,  averace. 

10  per  cent  AL  and  90  per  cent.  Copper,       .    8500O 

IX     "  ■'       9Si4    •■  ••         .        28000 

Brass,  cast,      ...:....    18000 

'     wire,         •-.■...        49000 

Bronze  or  gnn  meUl 88000 

Copper,  cast, 19000 

■■      sheet 80000 

'-      bolts 86000 

■■      wire,  unannealed 60000 

Iron,  cast,  18.400  to  20.000 10000 

"    wroi^ht,  round  or  square  bars  of  1  to  2  inch 

diameter,  double  refitied,      .  SOOOO  to  S4000 

*■    wrought  Bpecimeas  X  i^*^^  sqaare,  cut  from 

Urge  bara  ot  double  refined  Iron,     50000  to  G3000 
"    wrought.  doublerefitted.iDlargebarsof  about 

7  square  inches  section.         .  46000  to  47000 

**    wrought,  universal  mill  plates,  angles  and 

other  Shapes,  .        .  48000  to  SIOOO 

"    wrought  plates  over  86'  wide.  46000  to  90000 

The'moduhis  of  elasticity  of  double  refined  bar  iron 
is  23.000,000  to  37.000.000. 

Iron  wire 70000  to  lOUOOO 

"  wire  ropes, 90000 

Lead,  dieet. 8300 
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Steel eSOOO  to  120000 

Tin.  cast 4600 

^Dc TOOOtoSOOO 

Tliribar,  S«afloned,  and  oth«r  Orffanio 
Fiber. 

Takin  laTBCty  fiam  Traatwiue'i  pocket  book  (edllioa  of  1888.) 

Aah.  English 17000 

■'    Amerkftn,       ........    IQOOO 

B«Mh,      "  .....        .ISODOto  18000 

Bitch ISDOO 

Codar  of  UbanoD 11400 

"      American,  red lOSOO 

Fir  or  Spruce,      .......        10000 

Hempen  Ropes 13000  to  laoOO 

Hli^ory,  American 11000 

Mahogany 8000  to  21800 

Oak,  AmelMln  white 10000  to  18000 

O^,  European 10000  to  10800 

line,  American  white,  redand  pitch,  Memel,  Riga,     10000 
Ions  leaf  yellow.    .  ISSDOlo  10200 

Pi^r, 7000 

Silk  fiber 6SO00 

Walnut,  black 16000 

Stone.  Natural  and  Artificial. 

Brick  and  Cement 280  to  800 

Glass 1»«0 

Slate 9600  to  12800 

Itortar.  oidlnary,  60 

— JOMn  *.   MiUOHLtH   NUiD  I 
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STABILITY. 

Fig.  33  ^lows  how  the  stability  of  structures  is  computed. 
F  is  a  force  acting  against  the  structure  abed,  with  an  arm  f  I. 
The  line  g  h  represents  the  weight  of  the  strustuic  drawn  to  any 


scale  and  passing  through  the  center  of  gravity  g.  The  line  f  e 
is  the  force  platted  to  the  same  scale  in  line  with  F.  The  line  f  i 
is  the  resultant 

To  insure  stability  the  moment  of  the  distance  c  1  multiplied  by 
the  weight  of  the  section,  should  be  greater  than  the  moment  of 
the  force  multiplied  by  the  length  f  I.  The  latter  is  the  overturning 
moment  and  the  former  the  resisting  moment. 

If  the  point  where  the  resultant  touches  the  base  is  coincident 
with  c  then  the  structure  is  on  the  point  of  overturning.  If  it 
passes  ontside  the  base  beyond  c,  the  structure  will  overturn.  In 
pracice  the  distance  c  k  should  not  be  less  than  one^third  of  c  d. 
The  resultant  will  then  pass  through  the  middle  third.  The  effect  of 
lessening  the  distance  c  k  Is  to  lessen  the  stability  of  the  structure, 
to  increase  the  danger  of  crushing  the  toe  and  to  increase  the  pres- 
sure on  the  foundation.  Occasionally  piles  have  to  be  driven  under 
the  toes  of  such  structures  as  retaining  walls  and  dams,  when  econ- 
omy in  material  demands  that  c  k  be  sometimes  less  than  one-third 
of  cd. 

h  has  been  said  that  the  force  diagram  can  be  drawn  to  any 
scale.  The  angle  of  the  resultant  is  the  thing  sought.  No  matter 
what  tile  length  of  the  lines,  the  angle  will  be  the  same  so  long  as 
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tiie  lines  are  drawn  in  the  right  directions  and  of  the  right  lengths. 
The  scale  can  therefore  be  as  large  as  ihe  case  seems  lo  require. 
The  upper  corner  is  always  on  a  vertical  Une  drawn  through  the  . 
center  of  gravity  of  the  slructure  and  at  a  height  equal  lo  the  point 
of  application  of  the  line  of  force. 

This  method  of  calculating  stability  is  used  for  towers,  tatiks, 
bins,  chimneys,  dams,  retaining  walls,  etc. 

For  retaining  walls  and  dams  the  pressure  is  in  the  shape  of  a 
triangle  at  the  back.  The  pressure  at  the  tc^  is  zero  and  increases 
with  depth.  It  acts  at  a  point  one-third  up  from  the  bottom,  as 
all  forces  in  a  triangle  act  through  the  center  of  gravity,  which  occu- 
pies this  position.  A  table  of  the  pressure  of  water  is  given  earlier 
in  this  chapter.  A  deviation  from  this  statement  as  regards  a  tri- 
angular force  against  retaining  walls  will  be  mentioned  later. 

The  pressure  against  towers,  chimneys,  etc.,  is  caused  by  tlie 
wind.  It  is  a  distributed  load  acting  on  a  cantilever  beam  and 
instead  of  being  in  the  form  of  a  triangle  the  force  diagram  is  a 
parabola. 

If  the  weight  of  the  structure  Is  insufficient  to  resist  the  over- 
turning moment  the  additional  weight  required  must  be  supplied  by 
the  foundation.  If  the  ratio  of  base  to  height  is  very  small  the 
foundation  must  be  spread.  The  upward  reaction  on  the  base  is  the 
action  of  a  load  on  a  cantilever  beam  in  length  equal  to  the  distance 
from  the  edge  of  the  structure  to  the  edge  of  the  foundation.  There- 
fore the  foundation  is  in  the  form  of  a  truncated  cone  or  pyramid. 
Sometimes  for  chimneys  the  depth  of  the  foundation  is  equal  to 
one-sixth  the  height  of  the  chimney.  The  width  of  the  foundation 
at  the  top  is  one-tenth  larger  than  the  base  of  the  chimney.  The 
width  of  the  foundation  at  the  bottom  is  one  and  one-half  the  top 
width.  There  is  a  tendency  to  pull  the  foundation  over  which  is 
resisted  by  the  weight.  To  enable  this  to  be  brought  into  play  the 
structure  must  be  anchored  to  the  foundation  and  the  force  is  con- 
verted into  a  pulL 

The  foregoing  remarks  about  chimneys  are  true  also  of  towers 
and  tanks.  Their  strength  is  calculated  by  using  the  properties  for 
hollow  square  or  round  beams,  according  to  the  shape  the  structure 
is  given.  If  the  structure  is  truncated  the  strength  must  be  com- 
puted at  the  bottom  of  sections. 

Wind  pressure  should  be  computed  as  being  about  50  pounds 
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per  square  foot  of  surface  as  that  is  what  a  hurricane  will  frequently 
produce.  The  total  pressure  on  a  column  will  be  the  wind  pressure 
multiplied  by  the  radius  of  the  column  and  its  height.  That  is, 
the  pressure  on  a  round  column  is  one-half  the  pressure  on  a 
flat  surface  having  a  width  equal  to  the  diameter  of  the  round 
column.  To  find  the  total  pressure  when  the  wind  is  blowing 
against  one  of  the  diagonals  of  a  square  structure  multiply  the 
pressure  against  one  of  its  fides  by  0.707, 

The  pressure  against  a  tower  having-  a  tank  on  top  is  due  to  a 
distributed  toad<  (the  wind  against  the  framework)  and  also  to  a 
concentrated  load  caused  by  the  wind  blowing  -against  the  surface 
of  the  tank.  The  distributed  load  on  the  frame  work  may  be  fre- 
quently  neglected.  There  is  a  slight  twisting  strain  set  up  when  the 
pressure  is  against  the  corners  of  the  tower.  This  is  resisted  by 
bra'di^  the  comeis  with  short  pieces. 


Fiy3^ 

yi 

\ 

V 

K 

U 

F^.  34  represents  a  braced  tower  carrying  a  tank,  and  the 
stress  diagram.  The  dotted  lines  represent  cross  braces  that  are  not 
considered  when  drawing  the  stress  diagram,  for  they  are  out  of 
action  when  the  wind  is  blowing  from  the  direction  in  which  we 
are  now  considering  the  force.  The  braces  act  alternately  as  ties 
and  struts.  A  diagram  for  the  wind  from  the  opposite  direction 
would  be  identical  with  the  first,  so  only  one  is  necessary,  but  the 
dotted  counter  braces  would  be  considered  and  the  solid  ones 
omitted  if  the  other  diagram  were  drawn. 

First  letter  the  framework  on  the  outside  for  each  panel.  From 
the  point  a,  draw  a  horizontal  line  to  represent  the  sum  of  the  forces 
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at  the  joints  and  indicate  the  amount  of  each  force  by  divisions  in 
the  tine,  properly  marked.  From  the  same  point  draw  a  line  down- 
ward parallel  with  the  batter  post  on  the  side  opposite  to  which  the 
wind  is  blowing. 

From  each  joint  mark,  except  the  first,  on  the  horizontal  line 
draw  a  line  parallel  with  the  batter  post  on  the  r^posite  side  of 
the  lower.  This  will  make  the  convergency  toward  the  bottom  in 
the  stress  diagram.  From  the  first  joint  mark  on  the  horizontal 
line  draw  a  line  parallel  to  the  counterbrace  to  intersect  the  batter 
post  line.  From  this  intersection  draw  a  horizMital  line  to  intersect 
the  batter  line  from  the  second  joint  mark.  From  this  last  inter- 
section draw  a  line  parallel  with  the  nent  brace,  etc.,  and  continue 
until  all  have  been  connected. 

The  last  line  dropped  from  the  end  of  the  top  horiiontal  line 
will  be  vertical  and  represents  the  upward  pull  on  the  anchorage. 
The  horizontal  line  at  the  bottom,  completing  the  diagram  represents 
the  compression  in  the  bottom  horizontal  brace,  or  girt.  This,  how- 
ever, will  be  much  less  because  Ihe  posts  are  tied.  The  tower  is 
also  designed  to  carry  the  weight  of  Ihe  filled  tank. 

RETAINING  WALLS. 

A  retaining  wall  may  have  both  faces  vertical  or  have  one 
vertical  and  the  other  battered.  If  the  batter  is  slight  it  is  imma- 
terial on  which  side  it  is  placed.  When  appearance  is  considered 
it  is  usual  lo  have  the  batter  on  the  back  and  have  the  face  plumb. 
This  assi.sts  as  well  in  making  the  wall  safe,  for  the  filling  gets  a 
better  hold  on  the  wall  by  friction. 

If  the  batter  is  great  the  best  plan  is  to  place  it  in  front  so 
the  excess  of  material  will  act  as  a  stay.  The  weight  of  the  earth 
on  the  sloping  back  assists  somewhat  in  adding  its  weight  to  the  wall 
to  supply  a  resisting  moment  against  overturning,  but  this  effect  is 
lost  if  the  material  becomes  wet.  Vauban's  rule  for  converting  a 
wait  with  two  vertical  faces,  into  one  with  a  sloping  face  having  the 
same  resisting  moment,  is  to  so  adjust  the  angle  of  the  sloping 
face  that  the  line  wilt  intersect  the  vertical  face  one-ninth  of  the 
height  from  the  bottom.  The  procedure  then  is  to  mark  a  point  one- 
ninth  of  the  heighth  from  the  t>ottom  and  put  a  line  through  it  at 
aay  desired  angle,  even  making  the  wall  trianguiar  in  section  if  that 
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is  wanted.  By  computing  a  wall  with  two  straight  vertical  faces 
and  afterward  changing  the  front  by  this  rule,  a  considerable  saving 
in  material  can   be   effected. 

Before  discussing  retaining  wall  theories  the  following  rules 
in  use  generally  by  practical  men  are  worth  remembering. 

Width  at  top  one-tenth  the  total  height  above  the  surface  of  the 
ground. 

Depth  of  footing  at  front  edge  of  wall  five,  per  cent  of  the 
height.     Depth. of  footing  at  back  of  wall,  seven  per  cent  of  the 

Horizontal  projection  in  front  at  toe  of  wall,  below  surface  of 

ground,  five  per  cent  of  height.     This  projection   is  often  omitted. 

Width  (thickness)  of  wall  at  surface  of  ground  as  follows; 
For  dry  rubble,  half  the  height;  for  good  stone  masonry,  one-third 
the  height  plus  one;  that  is.  for  a  wall  twenty-one  feet  the  width 
will  be  one-third,  equal  to  seven  feet,  plus  one.  making  a  total  thick- 
ness of  eight  feet.  For  first-class  stone  or  brick  masonry,  one- 
third  the  height.  For  first-class  solid  concrete,  three-tenths  the 
height. 

Nearly  all  experiments  on  retaining  walls  have  been  with  small 
models  and  with  such  materials  as  shot,  peas,  dry  sand,  etc.  Ex- 
periments on  large  walls  have  not  been  enough  in  number  to  be  of 
much  value.  Some,  experiments  made  within  the  last  few  years 
would  seem  to  indicate  that  the  pressure  against  a  retaining  wall  for 
dry  or  moist  earth  should  not  be  represented  by  a  triangle  but  by  a 
parabola.  This  would  indicate  that  for  low  walls  the  pressure  may 
be  greater  than  a  triangular  force  diagram  gives  and  for  high  walls 
the  pressure  increases  on  a  curve.  As  this  curve  gradually  be- 
•omes  straighter  there  may  be  a  depth  after  which  there  is  no 
increase  in  pressure,  owing  to  some  arching  action  in  the  filling. 
It  has  been  suggested  that  a  bounding  curve  for  pressures  might  be 
drawn  by  starting  with  a  diagonal  line  representing  the  pressure 
for  saturated  earth  and  another  representing  the  pressure  for  dry 
earth-  Draw  a  parabola  tangent  to  the  saturated  earth  line  with  a 
width  equal  to  one-halt  the  dry  earth  pressure  at  a  depth  of  thirty 
feet.  This  curve  would  then  represent  the  line  of  maximum  pres- 
sure shown  by  the  straight  line  m  t  in  Fig,  35. 

Experiments  made  on  pressures  in  grain  and  sand  bins  of  full 
size  indicate  that  a  parabolic  line  of  pressure  is  correct  for  loose. 
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granular  maierials.  Whether  it  applies,  however,  to  earth  is  not 
fully  known.  Earth  filling  is  often  saturated,  in  which  case  it 
becomes  a  semi-fluid  mass  with  an  increased  resultant  pressure 
approaching  a  triangle  in  proportion  as  it  loses  eohesiveness. 

In  the  table  of  weights  of  substances  the  weight  of  earth  is 
given  in  different  conditions.  As  the  voids  become  filled  with  water 
the  spaces  formerly  without  weight  take  the  weight  of  the  water 
with  which  Vbey  (ill.     The  angle  of  repose  also  lessens  rapidly. 

A  number  of  theories  have  been  proposed  for  the  design  of 
retaining  walls  but  for  plain  gravity  walls  the  empirical  rules  already 
given  serve  all  purposes  and  agree  closely  with  the  best  practice. 
Walls  often  have  to  stand  pressures  not  foreseen,  and  sometimes 
forces  that  can  not  be  calculated. 

Today,  however,  a  number  of  walls  are  built  of  reinforced 
concrete  and  in  order  to  determine  the  dimensions  some  idea  of 
pressures  must  be  obtained.  Theories  of  pressure  are  coming  to 
the  front  in  numbers  and  old  ones  are  being  revamped.  In  the 
end  the  idea  of  the  line  of  maximum  pressure  being  a  parabola  may 
obtain,  hut  until  it  is  proven  the  theory  of  Mosely,  found  in  Traut- 
wine's  Civil  Engineers'  Pocket  Book,  and  a  score  of  other  works, 
will  he  generally  favored,  as  it  is  simple,  and  walls  designed  by 
it  have  proven  safe.  Other  theories  generally  make  thinner  walls 
where  gravity  sections  are  used  but  make  little  difference  in  the 
case  of  retaining  walls  designed  as  slabs. 

Fig.  35  is  copied  from  Trqutwine.  The  line  m  w  represents  the 
slope  at  which  earth  will  stand.  It  is  here  assumed  at  one  on  one 
and  one-half  (generally  termed  'i'/i  to  1  slope)  or  an  angle  of 
33°  41'  with  the  horizontal.  The  difference  between  that  and  90* 
(the  angle  o  m  t)  is  5«°  18'.  As  earth  will  stand  at  the  first  slope 
mentioned  there  must  be  some  slope  steeper  than  that  at  which  it 
will  commence  to  fall  toward  the  wall. 

The  line  of  maximum  slope  is  taken  at  one-half  the  last  angle 
or  88'  09',  represented  by  the  line  m  t.  This  is  known  as  the  line 
of  maximum  pressure.  The  triangle  o  m  t  is  the  amount  of  earth 
that  will  press  against  a  wall  with  a  vertical  back.  For  a  wall 
with  an  inclined  back  the  weight  of  the  triangle  c  m  o  should  be 
added  to  the  weight  of  the  wall. 

The  line  y  P  represents  in  direction  and  length  the  WMght  of 
the  earth  backing.    If  the  wall  has  a  vertical  back  the  line  y  P  will 
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be  tiorizonlal.  H  the  wall  has  a  battered  back  il  will  be  normal  (at 
right  angle)  to  the  back  of  the  wall.  It  i$  situated  at  a  distance  up 
of  one-third  the  height  of  the  wall  as  it  represents  a  triangle  of 
force  through  the  center  of  gravity  of  which  it  passes.  This  tri- 
angle of  force  it  is  understood  is  widest  at  the  bottom,  for  at  the  top 
of  the  wall  the  pressure  is  zero.  It  is  therefore  upside  down  as 
compared  with  the  triangle  of  earth  filling. 

Referring  again  to  Fig,  33  the  overturning  moment  is  the 
product  of  the  force  into  the  arm  f  I.  In  the  retaining  wall  backed 
with  earth  there  is  a  certain  amount  of  friction  between  the  back 
of  the  wall  and  the  earth  filling  as  the  wall  moves  in  overturning. 
This  friction  helps  to  prevent  the  wall  overturning  until  it  reaches 


a  point  where  the  earth  falls  behind  the  foot,  provided  the  wall 
holds  together.  To  find  the  effect  this  friction  has  we  draw  a 
parallelogram  of  forces  y  P  f  x.    (Fig.  35,) 

The  angle  y  P  f  is  33°  41'  or  the  angle  at  which  dry  earth  or 
sand  will  slide  down  masonry.  Then  y  P  represents  the  perpen- 
dicular pressure  of  the  earth  and  x  P  the  friction  against  the  back. 
The  line  f  P  is  the  resultant  of  these  two  forces  and  this  is  what 
tends  finally  to  make  the  wall  overturn  or  slide  or  break  or  be 
forced  into  the  soil. 

Through  the  center  of  gravity  of  the  wall  draw  the  line  g  h. 
The  resultant  f  P  will  pass  through  this  line  at  s.  Complete  the 
parallelogram  s  i  n  o  and  draw  the  resultant  s  n.     This  passes 
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through  the  base  at  the  point  j  which  shoulil  be  In  the  middle  third. 
Traulwine  says  a  j  should  not  be  less  than  one-fifth  a  m  even  with 
the  best  masonry  and  unyielding  soil.  While  the  middle  third  gives 
the  best  margin  of  safety  a  less  distance  can  be  used  if  loo  great 
crushing  pressure  is  not  thereby  developed  in  the  toe  of  the  wall 
or  in  the  soil  under  the  toe. 

When  the  back  is  ollsetted  or  stepped  instead  of  having  a 
straight  slope  the  pressure  of  the  earth  will  be  normal  to  a  slant 
line  drawn  from  the  bottom  to  the  top  across  the  steps. 

The  moment  tending  to  overturn  the  wall  is  the  pressure 
f  P  multiplied  by  the  length  of  the  arm  a  v.  The  weight  of  the 
wall  multiplied  by  the  distance  of  its  center  of  gravity  from  the 
point  a  is  the  resisting  moment.  While  the  arm  a  v  in  Fig.'  35  is 
shorter  than  the  arm  f  1  in  Fig.  33  the  force  f  P,  being  inclined, 
is  greater  than  the  force  y  P. 

For  the  purpose  of  calculating  the  pressure  it  is  usual  to  con- 
sider a  cubic  foot  of  earth  as  weighing  one  hundred  pounds.  One 
cubic  foot  of  masonry  can  be  figured  as  weighing  one  hundred  and 
fifty  pounds.  In  obtaining  the  center  of  gravity  the  triangle  of 
earth  e  m  o  must  be  taken  into  account,  for  its  weight  rests  upon 
a  projection  at  the  foot  of  the  wall  equal  to  c  o. 

To  assume  a  cross  section  of  a  wall  having  the  proposed  height 
use  the  empirical  rules  already  given.  Or  calculate  the  overturning 
moment  of  the  wedge  of  earth  and  draw  a  parallelogMm  of  the 
right  size  to  resist  it,  with  the  resultant  passing  through  the  toe. 
This  can  then  be  transformed  by  Vauban's  rule  into  a  section  with 
an  inclined  face.  It  is  usual  to  consider  the  section  of  earth  as  bdng 
3  slice  one  foot  thick  and  the  same  with  the  wall  section. 

If  the  wall  is  surchai^ed,  that  is,  has  a  terrace  on  top,  the 
procedure  is  the  same.  The  line  m  t  is  produced  to  an  intersection 
with  the  terrace  slope,  thus  making  the  wedge  heavier. 

Fig.  36  shows  a  section  of  a  reinforced  concrete  wall  designed 
as  a  cantilever.  Patents  have  been  obtained  on  it  so  an  extended 
description  is  hardly  required  here.  The  section  is  the  same  through- 
out the  length.  The  reinforcing  rods  are  all  vertical  and  at  the 
top  and  bottom  are  horizontal  rods  to  prevent  temperature  cracks. 
The  center  pf  gravity  is  thai  of  a  compound  section  consisting  of 
the  wall  and  the  earth  filling  resting  on  the  slab  at  the  bottom. 
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The  diagonal  reinforcement  at  the  foot  is  to  prevent  the  wall  being 
broken  at  those  points  by  the  moments. 

Such  a  wall  can  be  made  of  timber  In  which  case  it  is  called 
a  bulkhead.  The  face  can  be  connected  to  the  bottom  slab  by  spikes 
and  the  front  projection  can  be  replaced  by  a  brace.  At  the  back 
the  Iront  slab  will  be  lied  to  the  bottom  slab  by  a  tie  of  wood  or 

In  fact  many  bulkheads  and  wooden  retaining  walls  have  been 
built  by  putting  similar  frames  a  number  of  feet  apart  and  fastening 
heavy  plank  to  the  uprights  by  spiking  them  to  the  back  or  merely 
placing  them  at  the  back  and  counlilng  on  the  pressure  of  the  earth 
to  hold  them  in  place. 

Such  forms  of  walls  are  more  economical  of  material  than 
gravity  walls,  but  wood  is  perishable.    When  built  of  stone  or  brick 


the  rear  ties  would  be  termed  counterforts,  but  tear  off  readily. 
When  placed  in  front  they  are  termed  buttresses,  which  are  not 
always  economical  and  have  gradually  assumed  a  place  oF  ornament 
rather  than  utility. 

Reinforced  cimcrete,  however,  possesses  all  the  desirable  qualities 
of  wood  with  the  additional  one  of  imperishability  so  walls  of  this 
modern  material  are  coming  rapidly  into  use.  As  generally  designed 
they  consist  of  a  floor  slab  and  a  face  slab  like  the  letter  L  through- 
out the  length  of  the  wall.  At  regular  intervals  vertical  ribs  (count- 
erforts) in  the  rear  attach  the  two  slabs  so  they  will  act  as  one 
section.     While  a  number  of  such  walls  have  been  built,  no  study 


0.  Google 


470 


EMGLXEERING    WORK. 


has  been  published  of  the  rib  spacing  in  relation  to  height  of  wall 
in  order  to  reduce  cost.  At  present  the  spacing  is  arbitrarily  settled 
by  each  designer. 

In  Ihe  following  discussion  the  weight  of  the  wall  will  be  neg- 
lected. This  adds  to  the  factor  of  safety,  adds  practically  nothing 
to  the  cost  and  simplifies  the  calculations.  Methods  of  calculating 
strength  of  reinforced  concrete  beams  will  be  taken  up  in  pages  fol- 
lowing. 
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Fig.  37  shows  a  section  of  wall  assumed  to  be  one  foot  long. 
There  is  a  strip  of  filling  one  foot  thick  back  of  it  tending  to  over- 
lum  it.  and  the  overturning  moment  at  the  toe  A  must  be  resisted 
by  the  weight  of  the  earth  on  the  botlom  slab.  None  of  the  earth 
lending  to  overturn  the  wall  rests  on  the  bottom  slab  and  the 
parallelogram  of  earlh  on  the  slab  is  considered  as  the  wall.  The 
reinforced  concrete  wall  in  front  merely  retains  the  earth  wall  in 
place. 

The  vertical  pressure  therefore  considered  in  the  resisting  mo- 
ment is  equal  to  w  h  1,  where 

w  =;  weight  of  earth, 

h  =:height  of  wall,  and 

1  =  width  of  slab, 
acting  through  center  of  gravity  of  the 
equal  to  one-tenth  the  height  and  take 
overturning,  and  resistance  to  overturning, 
a  gravity  wall. 


1.  Assume  x.  as 
about  the  toe  tor 
already  shown  foi 
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Figs.  38  and  39  show  the  ribs  used  to  tie  the  face  slab  to  the 
bottom  slab. 

The  face  slab  is  calculated  as  a  slab  made  of  beams  lying  on 
their  sides  and  spanning  between  the  ribs.  The  load  on  each  beam 
is  a  distributed  load  between  the  ribs.  The  horizontal  thrust 
against  the  wall  has  been  found  by  Mosel/s  theory  or  any  other. 
It  is  at  the  bottom  but  acting  through  a  triangle  is  ciHicentrated 
to  cause  an  overturning  moment,  at  one-third  the  height  The 
pressure  of  the  earth  against  the  bottom  one  foot  beam  of  the  face 


slab  to  bend  it,  is  equal  to  one-half  the  force  multiplied  by  the 
height  of  the  wall.  This  gives  the  load  in  pounds  per  foot.  Multiply 
by  the  length  in  feet  to  get  the  total  weight  or  load  on  the  beam. 

Then   use    the    formula    ^  as   the    beam    is 

and  multiply  this  by   IS  to  get   inch   pounds  bending 
triangle  can  be  drawn  having  this  bending  moment  a. 
and  the  height  of  the  wall  as  the  altitude.    Horizontal  li 
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throtigli  this  triangle  at  other  points  give  the  bending  moments  of 
the  other  beams.  Be  careful  to  note  the  difference  between  the  over- 
turnine  moment  of  the  wall  as  a  whole  and  the  bending  moments  oi 
its  component  parts. 

As  the  bending  moments  decrease  toward  the  top  smaller  rods 
may  be  used  or  the  rods  can  be  spaced  farther  apart.  This  latter 
is  best,  for  workmen  are  apt  to  make  mistakes  when  rods  differing 

The  bottom  slab  consists  of  beams  lying  side  by  side  and  span- 
ning between  the  ribs,  being  attached  at  the  bottom.  The  greatest 
strain  will  occur  if  the  whole  structure  tips  forward  and  lifts  the 
last  beam  on  the  rear  edge  off  the  ground.  It  then  supports  a 
distributed  load  one  foot  wide  equal  in  height  to  the  height  of  the 
earth  over  it  and  equal  in  length  to  the  clear  span  between  ribs. 
This  beam  being  continuous  the  bending  moment  can  be  calculated 
as  before.  The  bendiiig  moment  decreases  as  a  triangle  toward  the 
front  face  of  the  wall  so  the  bars  can  he  spaced  wider  as  the  face 
is  approached. 

The  bottom  slab  is  fastened  at  the  front  edge  securely,  for 
the  wall  lends  to  overlurn  at  that  edge.  It  is  fastened  to  the  rear 
end  of  the  rib  by  the  ties.  When  the  wall  tips  as  a  whole  the 
bottom  slab  acts  as  a  beam  with  a  span  equal  to  the  width  of  the 
slab  from  front  to  back.  It  has  a  distributed  load  tending  to  tear 
it  from  the  bottom  of  the  rib.  at  the  middle.  To  prevent  this  short 
vertical  bars  attach  the  slab  to  the  rib.  The  lengths  of  the  bars 
are   governed   by   their   size    and   by   the   adhesive   strength   of   the 


The  face  slab  has  a  tendency  to  tear  off  the  front  edge  of  the 
ribs  and  for  (he  purpose  of  calculation  the  slab  is  considered  as  a 
vertical  beam  having  a  span  equal  to  the  height  of  the  wall.  To 
resist  the  stripping  force  .short  horizontal  rods  are  set  into  the 
ribs  through  the  slab.  In  both  cases,  however,  these  strippijtg  forces 
are  smalt.  In  the  majority  of  walls  the  cohesion  of  the  concrete 
will  be  amply  sufficient  without  reinforcing  ties. 

The  projection  x  has  a  width  on  top  from  the  face  to  the 
outer  end  equal  to  x  minus  half  the  thickness  of  the  face  stab. 
This  distance  multiplied  by  the  reaction  under  the  face  of  the  wall 
gives  the  bending  moment  tending  to  break  the  projection  off  at  B. 
This  is  counteracted  by  putting  bars  across  the  base  in  the  bottom 
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sufficient  in  number  and  sire  to  resist  ihe  moment.  Under  the  ribs 
the  bars  can  be  1.5x  long  and  balf  way  between  the  ribs  they  can 
run  across  the  base.  They  decrease  in  length  as  they  approach  the 
ribs.  The  thickness  of  the  front  end  of  the  projection  equals  the 
thickness  of  the  slab.    At  the  wall  it  is  twice  as  thick. 

The  top  of  (he  wall  is  tied  to  the  rear  end  of  the  bottom  slab 
by  steel  rods  sufficiently  strong.  The  concrete  in  the  ribs  protects 
these  rods.  In  large  walls  where  a  material  saving  can  be  thus 
made  in  concrete,  it  is  usual  to  have  the  rib  open  like  a  timber 
braced  tie.  In  small  walls  the  ribs  are  solid.  The  ties  along  the 
back  edge  of  the  rib  are  calculated  by  taking  a  moment  at  C  tending 
to  break  the  wall  at  that  point  by  reason  of  the  weight  of  earth  on 
the  floor  slab  attached  to  the  rib,  resisting  the  overturning  moment. 
The  weight  of  the  earth  is  equal  to  that  resting  on  an  area  equal 
to  width  of  slab  times  span. 

The  foot  of  the  wall  and  the  bottom  slab  should  be  set  well  into 
the  ground. 

GRAIN  AND  SAND  BINS. 

Reference  has  been  made  to  experiments  mvAe  to  determine  the 
line  of  maximum  pressure  In  bins  containing  grain  or  sand.  The 
experiments  were  made  b>-  Mr.  J.  A.  Jamieson  and  his  paper 
appeared  in  Engineering  News,  March  10,  11)04. 

The  editors  of  that  paper  gave  the  following  formula  (deduced 
by  Mr.  H.  A,  Janssen,  of  Hamburg),  as  having  been  proven  by 
Mr.  Jamieson's  experiments  to  be  correct. 

V  ^  vertical  pressure  of  grain  per  square  foot  of  depth  below 
the  surface  of  the  grain. 

w  ^=  weight  of  grain  in  lbs.  per  cubic  foot. 

f:=  coefficient   of   friction   of  grain   against   side  wall. 

k  =  ratio   of   lateral   to   vertical   imit   pressure. 

R^  ratio  of  area   to  perimeter  oj  horizontal   cross   section  of 

e  —   the  base  of  the  Naperian  sj'slem  of  logarithms. 
V  ^  ?  -  fl-e  "^^    ) 
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Whest  wnghs  50  lbs.  per  cu.  ft  Jamieson  tinds  fc  for  wheat 
closely  0,8,  vhile  iriction  coefiident  t,  for  ordinary  bin  walls 
averages  aboot  0.4.  We  may  therefore  take  the  product  fk  to  be 
0.25. 

Further,  for  all  square  or  round  bins  the  ratio  R  is  constant  and 
equal  to  one-fourth  the  diameter.  Using  above  values  the  forniala 
becomes 


=  sod 


(■-•) 


The  term  in  the  parenthesis  approaches  unity  as  the  depth 
of  grain  increases.    Limiting  value  of  vertical  pressure  is  therefore. 

Vertical  pressure  in  lbs.  per  sq.  ft.  =:  50  times  the  diam,  of  bin 
in    ft. 

The  term  in  parenthesis  reaches  a  value  of  0.9  when  depth 
i>f  grain  equals  2,3  times  the  diameter  of  the  bin.  For  all  ordinary 
cases  therefore,  we  may  use  the  limiting  maximum  pressure  directly. 

The  horizontal  pressure  is  at  all  times  0.6  as  great  as  the 
vertical   pressure. 

The  formula  means  that  the  size  of  the  bin  determines  the 
amount  of  pressure,  whereas  it  was  formerly  believed  the  height 
alone  had  to  be  taken  into  consideration  as  in  the  case  of  fluid 
pressure.  The  vertical  pressure  being  found  by  the  formula,  the 
horizontal  or  bursting  pressure  against  the  sides  of  the  bin  at  that 
point  is  0,6  the  vertical  pressure.  The  line  of  pressure  is  a  curve^ 
instead  of  a  straight  line  as  in  the  theory  of  the  retaining  wall 
already  discussed.  Part  of  the  weight  therefore  goes  into  the  walls 
and  part  goes  to  the  floor. 

The  pressures  given  must  be  increased  for  other  materials  of 
greater  weight.  Using  wheat  weighing  50  lbs,  per  cu,  ft.  with  an 
angle  of  repose  of  2R°,  the  coefficient  of  internal  friction  =  0,B3E. 

TABLE   OF    COEFFICIENTS    OF    FRICTION    OF    WHEAT    (JAMIESON.) 

Wheat  on  wheat   0.S32 

Wheat  on  steel  trough  plate  bin 0.468 

Wheat  on  fiat  riveted  plate  and  tie  bars 0,373  to  0.4 

Wheat  on  riveted  cylinder   0.365  to  0,375 

Wheat  on  cement  concrete,  rough  or  smooth.  .0.4      to  0,425 

Wheat  on  tile  or  brick,  rough  or  smooth 0,4      to  0.425 

Wheat  on  cribbed    wood 0.43    to  0.45 
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The  ratio  values  for  sand  are  practically  the  same  but  the 
weight  per  cubic  foot  is  double. 

BULKHEAD  WALLS. 

Many  city  eiit;ii)eers  in  places  located  on  rivers,  lakes  or  other 
bodies  of  water  are  called   upon  to  design   bulkhead  waits. 

For  ordinary  foreshore  protection,  a  fill  with  a  long  gradual 
.slope  on  the  face,  covered  with  large,  carefully  placed  stones,  is 
usual.  For  bulkhead  walls,  however,  meaning  thereby  retaining 
walls  with  a  front  designed  to  permit  vessels  to  come  alongside,  the 
engineer  is  not  well  provided  with  information,  the  literature  being 
sparse  and  useful  only  to  specialists. 

Mr.  S.  W,  Hoag,  Jr.,  described  in  F.ngineering  News,  May  IS, 
J905.  a  method  devised  by  him  and. Mr.  D.  C.  Serber  for  calculaiing 
bulkhead  walls  in  New  York  City.  What  follows  is  an  abridgement 
of  his  article,  illustrated  with  a  copy  of  his  drawing. 

The  subject  is  clouded  with  much  uncertainty  and  experience  is 
a  most  useful  guide.  The  conditions  given  are  an  approximate 
cross  section  of  submerged  or  of  non-submerged  wall,  submerged 
sections  and  non-submerged  seaions  of  rip-rap  filling  and  of  earth 
filling  and  a  surcharge  of  1,000  lbs,  per  sq.  fi.  The  analysis  is  con- 
ducted on  the  following  assumptions : 

Weight  of  rip-rap  in  air,  107  lbs.  per  cu.  ft, ;  submerged  rip-rap. 
TO  lbs,,  per  cu,  ft.;  earth  filling  in  air,  110  lbs,  per  cu,  ft;  submerged 
earth  filling,  66  lbs,  per  cii,  fl. ;  surcharge.  1,000  lbs,  per  sq.  ft, 
of  surface. 

Erect  a  perpendicular  a  d.  Lay  off  the  prism  of  maximum 
thrust  for  rip-rap  by  the  plane  of  rupture  a  e.  Prolong  a  e  to  n. 
Denote  the  corresponding  prism  for  the  superimposed  submerged 
earth  filling  by  the  plane  e  k,  prolonged  to  m.  Neglecting  the  change 
in  plane  of  rupture  for  non-submerged  earth  tilling,  the  limit 
fif  surcharge  to  be  considered  at  the  surface  grade  is  contained  lie- 
twcen  the  intercepts  d  and  m.  Consider  everything  below  mean 
high  water  as  submerged  and  everything  above  mean  high  water 
as  non- submerged. 

First— Determine  the  weight  of  the  submerged  earth  filling  c  e  k, 
and  replace  it  with  a  corresponding  weight  of  submerged  rip-rap. 
The  lop  surface  of  the  latter  will  then  be  c  f  k. 
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Second — Detennine  the  weight  of  the  non-submetsed  earth  fill- 


^ BuuTHCAD  Walls. 


iiig  c  (1  ni  k  and  replace  it  with  a  volume  of  submerged  rip-rap 
of  equal  weight,  and  allow  it  to  take  its  position  upon  the  lirst 
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reduced  volume  of  submerged  rip-tap.     This  seeond  volume  will 
thcii  be  c  d'  h'  r  m  k  f. 

Third— Take  the  surcharge  of  l.Ooo  lbs.  per  sq.  ft.  and  erect 
upon  the  top  surface  d'  h'  1'  m  of  this  imaginary  bank  of  sub- 
merged rip-rap,  a  prism  of  submerged  rip-rap  of  such  a  volume  as 
shall  equal  in  weight  the  surcharge :  the  upper  surface  of  this 
reduced  volume  will  be  d"  h"  1"  m'.  The  area  a  d"  h"  I"  m'  m  e  a 
represents  in  volume  all  of  the  back  filling  used  In  exerting  pressure 
against  the  wall,  reduced  to  one  homogeneous  material,  namely, 
submerged  rip-rap,  weighing  7[l  lbs.  per  cu,  ft. 

To  avoid  the  complication  arising  from  a  consideration  of  two 
plaiies  of  rupture  a  e  and  e  m,  consider  alone  the  plane  of  rupture 
for  rip-rap  a  n,  for  all  the  backfilling  has  been  reduced  to  rip-rap. 
This  is  done  by  sbifling  the  material  represented  by  the  area  e  n  m 
to  a  new  position,  to  form  part  of  the  prism  limited  by  the  plane  a  n, 
making  h"  the  new  position  for  e,  I"  1"'  the  new  position  for  k  I', 
and  m'  m"  the  new  position  for  m  n.  The  volume  to  be  considered 
having  the  weights  of  submerged  rip-rap,  is  now  represented  by 
the  area  a  d"  h"  V"  m"  n  a. 

The  center  of  gravity  of  this  area  is  gt  g'  and  combining  the 
weight  of  the  niass  through  g'  with  its  horizontal  component,  the 
horizontal  thrust  on  the  back  of  the  wall  is  27.000  lbs.,  applied 
at  the  point  p.  Combitling  this  thrust  with  the  weight  of  the  wall, 
represented  by  the  vertical  line  65.300  lbs,,  through  its  center  of 
gravity,  the  resultant  is  71.(K)0  lbs.  passing  through  the  base  at 
the  point  r. 

In  determining  the  center  of  gravity  of  the  wall  section  it  is, 
of  course,  necessary  to  consider  the  reduction  in  weight  due  to 
displacement  below  mean  high  water,  of  the  two  materials,  concrete 
and  granite,  which  enter  into  its  eouslrucllon,  the  weight  of  the 
non-submerged  portion  above  mean  high  water,  the  weight  of  the  ' 
submerged  rip-rap  on  the  steps  in  the  rear  of  the  wall,  the  weight 
if  the  .superimposed  \olume  of  non-snbnierKed  rip-rap  ^nd  of 
earth  filling. 

Older  methods  trace  the  pressures  through  the  different  ma- 
terials, the  several  resultants  finaliy  after  combination  giving  the 
tot.il  amount  of  thrust  on  the  wall  with  its  direction.  The  -netliod 
just  described  is  shorter,  simpler  and,  practically,  just  a 
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ARCHES, 

Arches  today  are  generally  buill  of  reinforced  concrete,  but 
occasionally  a  brick  or  stone  arch  may  he  constructed. 

The  arch  starts  with  a  depth  for  the  keystone  and  this  depth  is 
called  the  crown  thickness.  All  formulas  in  general  use  are  largely 
empirical,  being  averages  of  successful  arch  bridges  put  into  con- 
venient form  by  which  other  arches  can  be  calculated.  One  used 
by  the  writer  for  several  bridges  (taken  from  an  old  English  work) 
is  as  follows :  Where  d  is  the  depth  of  keystone,  or  crown  thick- 
ness, and  r  is  the  radius  of  arch  at  crown. 

For  a  single  arch  d=  Vu.is  r.  and  for  a  series  of  arches 
d=yarrr: 

The  foregoing  rules,  however,  are  intended  to  apply  more  par- 
ticularly to  semi-circular  arches  under  fairly  high  embankments. 
When  the  load  is  uniformly  distributed  the  rise  should  be  equal 
to  about  one-fourth  the  span,  which  gives  a  form  approaching  a 
parabola.  The  ring  then  can  be  of  uniform  thickness.  Otherwise 
it  must  be  thicker  at  the  haunches. 

All  arches  are  supposed  to  have  a  curve  of  equilibrium  located 
somewhere  within  the  lines  of  the  arch.  The  calculations  are  com- 
plicated and  many  empirical  rules  and  methods  are  in  use  to  enable 
arches  to  be  designed,  without  going  through  the  calculation  of  the 
equilibrium  curve,  of  such  proportions  that  this  curve  will  He  in 
the  middle  third. 

The  ellipse  is  considered  the  most  handsome  curve  in  existence. 
The  circle  always  has  the  appearance  of  an  ellipse  except  when 
viewed  from  one  point.  The  ellipse  possesses  certain  properties  of 
strength  and  equilibrium  also  which  make  it  a  good  curve  for  an 
arch  bridge.  Therefore  it  is  in  common  U5e,  Ways  of  drawing  an 
ellipse  are  given  in  many  books.  It  is  usual  to  construa  an  ellipse 
like  a  compound  railroad  curve,  with  several  centers.  Bui  for 
arches  having  earth  filling  exceeding  two  or  three  times  the  thick- 
ness of  the  arch  at  the  crown  the  semi-circular  form  is  preferable. 
For  arches  having  a  very  flat  rise  it  is  probably  best  to  have  a 
?;egmental  arch  of  reinforced  concrete. 

The  critical  point  in  an  arch  is  in  the  ring  on  each  side  of  the 
center  at  a  point  equal  lo  half  the  rise.  This  joint  is  on  a  radial 
line   from  the  center  from  which   that  part  of  the  underside  of 
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the  arch  ring  is  struck.  Fig.  40  shows  a  method  proposed  by  Mr. 
Emile  Low  for  drawing  the  arch  ring  in  order  to  get  the  necessary 
additional  thickness  at  the  critical  joint  in  the  haunches.  At  the 
middle  of  the  span  draw  a  circle  with  a  radius  equal  to  the  rise. 
From  the  same  point  describe  an  arc  on  each  side  with  a  radius 
equal  to  the  half  span.  On  this  arc  the  point  b  will  be  on  a  hori- 
zontal line  with  the  top  of  the  arch  ring.  Draw  the  radius  from  the 
center  to  b.  Drop  a  perpendicular  from  b  and  draw  a  horizontal 
line  from  a  to  intersect  with  it  at  c.  Connect  the  points  c  and  d 
with  a  straight  line.  Bisect  it  and  produce  it  to  an  intersection  with 
the  perpendicular  dropped  from  the  center  of  the  arch.  This  gives 
the  radius  with  which  to  draw  the  arc  c  d  on  the  underside.     A 


ai'a. Fig'fO 

radius  from  the  same  center  but  equal  to  the  first  plus  the  crown 
thickness  is  the  radius  used  in  striking  the  outer  side  of  the  arch. 
To  get  the  radius  for  the  sharper  part  of  the  underside  from  c  to 
the  bottom  of  the  arch  draw  a  line  from  the  end  of  the  span  to  c, 
bisect  it  and  get  the  radius  by  the  intersection  with  the  radius  of 
the  larger  circle. 

This  it  will  be  seen  gives  the  ring  of  uniform  thickness  to  the 
point  c.    The  depth  of  the  arch  ring  for  this  construction  is  given 
by  Mr.  Low  as  follows : 
Let  S  =  span  of  arch  in  feet. 

R  =  rise  of  arch  in  feet. 

H  =  depth  of  surcharge  over  arch  in  feet. 

d  ^  thickness  of  arch  at  crown  in  feet, 
then  d=3 H  V(S-R)io  — aH 
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Such  an  arch  must  be  built  of  first-class  brick  or  stone  r 
For  reinforced  concrete  Mr.  Daniel  Luten  (president  of  the  National 
Bridge  Company),  states  that  this  combination  results  in  consid- 
erable economy  over  a  segmental  circular  arch,  but  is  too  flat  at  tho 
crown  and  loo  high  at  the  haunches  for  an  extremely  light  ring, 
such  as  might  be  used  for  reinforced  concrete  arches.  He  states,  in 
Engineering  Record,  that  it  has  been  found  that  nearly  all  arches 
with  elliptical  intrados  and  thin  arch  rings  will  show  slight  cracks 
at  the  intrados  crown. 

A  circular  segment,  on  the  contrary,  will  show  cracks  at  the 
under  surface  at  the  haunches  and  will  break  away  from  the  span- 
drels above  the  springing;,  showing  that  this  curve  is  too  flat  at  the 
haunches  and  too  sharply  curved  at  the  crown  for  the  earth  loading. 

He  proposes  the  curve  shown  in  Fig.  41,  in  which  the  inner 
curve  is  a  mean  between  the  ellipse  and  a  segment  of  a  circle  having 


the  same  rise  and  span,  and  the  outer  curve  is  a  circle.  In  this 
figure  the  ellipse  a  b  c  is  the  same  curve  as  the  inner  curve  of  Fig. 
40;  the  circular  segment  a  d  c  passes  through  the  crown  and  the 
springing  of  the  ellipse.  The  inner  curve  of  the  arch  is  then 
determined  as  a  mean  of  these  two  curves  by  bisecting  the  vertical 
distances  between.  In  order  to  facilitate  laying  it  out,  the  curve 
is  approximated  by  arcs  of  circles  determined  by  trial  after  a 
sufficient  number  of  points  on  the  curve  have  been  plotted. 

The   outer   curve   is   a   circle    having   its   center   on   the   center 
line  of  the  arch  and  a  radius  equal  to  the  radius  of  ihc  intrados 


0.  Google 


ENGINEERING  DATA. 
two   and   one-half   times   tti 


481 


crown  thickness. 

This  relation  between  the  radii  of  inner  and  outer  curves  results 
in  an  arch  rin?  of  a  thickness  varying  approximately  as  the  secant 
o£  the  angle  of  inclination.  Such  a  ring  is  believed  to  give  better 
results  for  equilibrium  than  either  an  elliptical  or  a  circular  arch. 


fif.-f-Z 


Fig.  42  illustrates  a  method  much  in  use  for  determining  the 
thickness  of  the  arch  ring  for  arches  of  brick  or  stone  masonry. 
The  critical  joint  in  each  half  span  is  at  half  the  rise.  Its  thick- 
ness is  determined  as  follows,  where  S  is  the  clear  span  and  R  the 
rise,  t  is  the  thickness  at  the  joint  and  d  the  crown  thickness: 

-|.  =  3;  t  =  l.Bd. 

-|-  =  4;t  =  1.6d. 


R 


t  =  1.4  d. 


On  squared  paper  the  above  values  c 
drawn  so  the  thickness  for  other  ralioe  i 
elliptical  arch  the  number  of  centers  used 
curve  is  equal  to  the  ratio.  When  the  r 
to  use  reinforced  concrete. 

To  determine  the  arch  thickness  throughout  set  out  the  inner 
curve  and  mark  on  it  the  length  of  the  two  critical  radial  joints. 


be  plotted  and  a  line 
be  obtained.  For  an 
determining  the  imier 
I   exceeds  S   it  is  best 


0.  Google 


482  ENGINEERING    WORK. 

Set  off  at  the  crown  the  thickness.  Connect  the  upper  end  of  thi» 
with  the  upper  end  of  the  joint  on  one  side.  Bisect  this  connectii^ 
line  and  produce  the  line  bisecting  it  to  a  junction  with  the  vertical 
line  through  the  middle  of  the  half  span.  This  gives  the  radius 
of  the  outer  circle  of  the  arch  ring.  It  stops  at  the  critical  joints, 
frorn  which  point  the  outer  line  is  tangent  to  the  outer  curve. 

If  the  height  is  increased  by  resting  the  arch  upon  vertical 
abutments  the  thickness  of  the  abutment  will  be  0.3  span  and  at 
the  rear  end  will  rise  until  intersected  hy  the  outer  arch  line. 

For  the  thickness  of  the  crown  of  reinforced  concrete  bridges 
Mr.  F.  F.  Weld  gives  the  following  In  the  Engineering  Record : 

C  =  thickness  of  arch  ring  in  iiiches  at  crown. 

S  ^  clear  span  in  feet. 

L  =  live  load  per  square   foot  uniformly  distributed. 

D  =  weight  of  fill  over  the  crown  per  square  toot 

C  =  V  "5"+  CIS  +  0.005L  +  O.O025D, 

Example — To   find   thickness   of   arch  at   crown. 

Span  60  feet. 

Live  load  200  lbs.  per  sq.  ft.,  or  15  ton  steam  roller. 

Fill  over  crown  2  feet  thick. 

0  =  7.7  +  6  +  1  +  0.55  =  is.a  ins. 

For  railroad  bridges  add  50  per  cent  to  the  equivalent  live  load 
for  impact. 

Having  determined  C  lay  out  arch.  Rise  is  preferably  J<  to 
1-10  the  span  hut  will  usually  be  governed  by  local  conditions. 
Thickness  of  ring  at  critical  joint  should  be  I'A  W  V/i  C,  depending 
upon   curve  of   intrados. 

Steel  reinforcement  should  be  in  two  layers  on  account  of 
reversal  of  stresses  and  made  continuous  over  the  entire  Span. 
Amount  in  each  layer  should  he  equal  to  0.4  of  one  per  cent  (total 
0.8%).  There  should  be  shear  members  rigidly  connected  to  longi- 
tudinal rods  and  extending  from  one  layer  to  another.  Mr.  Weld 
is  engineer  for  a  firm  manufacturing  a  special  reinforcing  rod 
with  such  shear  members.  The  shear  members  are  necessary,  how- 
ever, at  certain  places  on  the  arch  and  do  no  harm  at  all  points  as 
stated.  With  a  well  designed  equilibrium  arch  the  lower  rein- 
forcement can  be  dispensed  with  near  the  haunches,  below  the 
critical  joint  and  the  upper  reinforcement  can  be  omitted  at  crown. 
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provided  plenty  of  shear  members  are  placed  on  each  side  of  the 
joint 

In  this  connection  Mr.  Luten  says :  "A  concentrated  load  ap- 
plied to  the  crown  of  such  an  arch  as  that  of  Fig.  41  will  retpltre 
reinforcement  along  the  inner  surface  at  the  crown  and  along  the 
oilier  surface  at  the  haunches.  By  using  one  series  of  reinforcing 
members  for  both  these  regions  and  alternating  the  points  of  their 
crossing  the  arch  ribs,  the  one  system  of  rods  can  be  made  to  rein- 
force the  arch  against  all  stresses.  By  distributing  the  points  of 
crossing  so  that  the  rods  will  cross  in  the  middle  and  thirds  of  the 
half  arch,  this  reinforcement  will  provide  also  for  all  possible 
concentration  of  loads   on  the  arch." 

The  difference  in  the  two  plans  consists  in  the  fact  that  Mr. 
Weld  places  reinforcement  on  both  sides  of  his  arch  ring  and  has 
shear  members  the  whole  length.  Mr.  Luten  reinforces  his  arch 
from  a  short  distance  on  the  outside  of  each  critical  joint  on  the 
bottom  across  to  the  same  place  on  the  other  side.  The  rods  are 
continuous  from  the  outside  end  on  top  to  irhere  they  cross  the 
ring  and  go  over  on  the  underside.  The  top  of  the  ring  he  does 
not  reinforce  between  the  places  the  outer  rods  cross  to  the  bot- 
tom near  the  critical  joint.  He  lightens  his  abutments  by  taking  the 
rods  down  to  the  water  level  and  crossing  them  mider  the  bed  in 
a  concrete  pavement,  thus  tying  the  abutments  together. 

Mr.  Weld  recommends  that  central  piers  shouM  have  a  mini- 
mum of  1-13  the  span  and  be  battered  for  appearance  and  sta- 
bility. 


Fig.  43  shows  an  arch  reinforced  in  a  manner  illustrating  the 
ideas  presented  by  Mr.  Weld.  Fig.  44  shows  an  arch  reinforced 
in  accordance  with  the  ideas  presented  by  Mr.  Luten.  Mr.  Luten 
objects  to  the  usual  design  of  culverts  with  sides  and  tops  figured 
as  flat  slabs,  and  makes  a  plea  for  the  arch,  this  being  more  espe- 
cially applicable  to  railroad  culverts  or  culverts  under  embankments 
having  railroad  tracks  on  top. 
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He  givct  the  following  (Eng.  News,  May  24,  1906)  for  de- 
signing such  culverts  for  spans  up  to  SO  ft  and  with  not  more 
than  10  ft  of  (ill  over  the  crown. 

Crown  thickness  =  -§^  +  -L 

Outer  circle  drawn  with  center  1-10  of  span  below  center  of 
inner  circle. 

Back  of  abutments  tangent  to  outer  circle  and  battered  one 
in  four. 

Square  inches  of  steel  required  to  reinforce  one  edge  of  arch 
for.  f,.i„  width  =«^ 

Where  H  is  height  of  opening  in  feet,  C  is  crown  thickness 
in  inches,  and  L  is  live  load  in  pounds  that  can  be  concentrated 
on  single  track  over  half  span. 

If  the  arch  is  reinforced  near  both  edges  (double  reinforce- 
ment), the  steel  near  the  other  edge  must  be  added  to  the  area 
given  by  the  formula.  If  reinforced  by  a  single  series  of  rods, 
they  should  cross  the  arch  rib  at  points  one-third,  one-half  and 
two-thirds  of  the  distance  from  springing  to  crown. 

The  arch,  of  course,  carries  the  weight  of  the  load,  yet  the 
observer  only  sees  the  underside  of  the  arch.  The  road  is  carried 
on  a  straight  line  which  is  determined  by  the  retaining  walls  (or 
spandrels)  set  on  the  outer  edge  of  the  arch.  These  walls  are 
designed  as  regular  retaining  walls. 

The  abutments  can  be  figured  as  already  mentioned  if  the 
rise  begins  at  the  level  of  the  ground  or  the  surface  of  the  water. 
If  the  arch  rests  upon  abutment  walls  their  thickness  will  be  gov- 
erned somewhat  by  the  height  of  the  embankment,  for  they  will 
serve  the  double  duty  of  retaining  walls  and  arch  abutments. 

The  point  where  the  curve  begins  at  the  top  of  the  abutment 
wall  is  termed  the  springing.  The  horizontal  thrust  of  the  arch 
at  the  top  of  the  springing  is  equal  to  the  total  weight  on  the 
arch,  including  the  weight  of  the  arch,  divided  by  1.414.  The 
vertical  force  at  the  springing,  tending  to  aid  the  stability  is  equal 
to  half  the  weight  of  the  arch  and  load. 

Calling  H  the  height  of  the  springing  above  the  ground,  the 
overturning  moment  due  to  the  thrust  on  the  arch  =^^H  where 
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w  is  the  we^t  per  lineal  foot  of  arch  and  load,  S  is  the  span,  and 

R  is  the  rise.    The  resisting  moment  is  ^^~ V  ^  where  W 

is  the  weight  of  the  abutment  per  cubic  foot,  and  t  is  the  thrust 
against  the  abutment  at  the  springing.  The  moments  can  be  com- 
pared with-  those  acting  against  the  abutment  as  a  retaining  wall 
and  the  one  producing  the  heavier  abutment  will  be  used  in  the 
design.  In  adopting  this  method  the  support  given  the  retainii^ 
wall  by  the  arch  can  be  taken  into  account,  for  the  thrust  of  the 
fill  will  assist  in  counteracting  the  thrust  of  the  arch. 

CEMENT  TESTING. 

Every  city  engineer  should  have  a  cement  testing  outfit,  but  if 
the  town  cannot  afford  one  he  can  make  tests  to  satisfy  him  that  the 
cement  he  is  using  is  practically  complying  with  the  National 
standard   specih cations. 

In  the  chapter  on  concrete  simple  acid  tests  are  given  to  de- 
tect the  admixture  of  raw  material.  When  a  cement  is  unusually 
light  in  color  and  does  not  wear  well  the  acid  test  may  show  that 
considerable  raw  material  was  added  to  it  after  manufai;ture. 

All  things  being  equal,  the  finer  a  cement  is  ground  the  better 
it  will  be  in  concrete,  or  mortar.  The  first  test,  therefore,  should 
be  directed  toward  ascertaining  the  fineness.  Obtain  a  scale  that 
will  weigh  up  to  one  pound  by  quarter  ounces.  Obtain  from  a 
reputable  maker  a  100  mesh  sieve  made  of  No.  40  wire,  Stubbs' 
gauge,  and  examine  it  with  a  m'croscope  to  see  that  the  interstices 
are  uniform.  Weigh  out  carefully  three  ounces  of  cement  into  the 
sieve.  Holding  the  sieve  in  tITe  right  hand  shake  it  rapidly  but 
not  violently  at  the  rate  of  about  twenty  movements  a  minute, 
striking  it  gently  agair.st  the  ball  of  the  left  hand. 

It  will  require  about  ten  minutes'  shaking,  but  if  a  few  coins 
or  telephone  slugs  are  put  in  with  the  cement  the  operation  will 
be  hastened.  When  the  cement  seems  to  have  stopped  going 
through  the  sieve,  pour  the  residue  carefully  on  to  the  scales.  As 
the  standard  specifications  call  for  not  less  than  92  per  cent  to  go 
through  a  lOO-mesh  sieve,  this  amounts  to  about,  one-lwelflh,  or  in 
three  ounces  to  one-fourth  of  an  ounce  of  residue.  Make  the 
test  several  times,  or  with  six  ounces  instead  of  three  occasionally. 
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The  specific  gravity  test  is  beyond  the  reach  of  the  greater 
number  of  engineers.  The  soundness  test  and  time  of  setting 
arc  tests  readily  made.  The  specifications  in  the  preceding  chap- 
ter tell  what  to  expect.  For  a  Portland  cement  use  about  30 
per  cent  of  water  and  conduct  the  operations  in  a  room  having  a 
temperature  close  to  62  degrees  F.  Make  a  mortar  of  neat  cement 
and  water,  mixing  thoroughly  for  about  five  minutes  under  pressure, 
time  to  be  estimated  from  moment  of  adding  water  and  to  be 
considered  of  importance. 

Make  on  glass  plates  two  cakes  each  about  three  inches  in 
diameter,  half  an  inch  thick  and  drawn  down  to  fine  edges,  and 
cover  them  with  a  damp  cloth  or  place  them  in  a  tight  box  not  ex- 
posed to  currents  of  dry  air.  At  the  end  of  the  time  specified 
for  initial  set  apply  the  needle  one-twelfth  of  an  inch  in  diameter, 
weighted  to  one-fourth  of  a  pound  to  one  of  the  cakes.  If  an  in- 
dentation  is  made  the  cement  passes  the  requirement  for  initial 
setting.  If  no  indentation  is  made  it  is  too  quick  setting.  At  the 
the  end  of  the  time  specified  for  "final"  set  apply  the  needle  one- 
twenty-fourth  of  an  inch  in  diameter  loaded  to  one  pound.  The 
cement  cake  should  not  be  indented. 

The  needles  mentioned  can  be  made  by  anyone.  Take  two 
pieces  of  wire  eight  or  itine  inches  long  and  file  one  end  of  each 
to  the  size  mentioned.  A  ball  of  lead  the  required  weight  is  then 
fastened  on  the  wire.  The  wires  are  applied  by  holding  them 
verticaUy  between  the  fingers,  letting  the  small  end  rest  on  the  pat. 

Expose  the  two  cakes  to  air  under  a  damp  doth  for  twenty-four 
hours.  Place  one  of  the  cakes,  stilt  attached  to  its  plate,  in 
water  for  twenty-eight  days ;  the  other  cake  immerse  in  water  at 
about  70°  temperature  supported  »n  a  rack  above  tlfe  bottom  of  the 
receptacle;  raise  the  water  gradually  to  the  boiling  point  and 
maintain  this  temperature  for  six  hours  and  then  let  the  water, 
■till  containing  the  cake,  cool.  When  making  the  boiling  test  it  is 
important  to  keep  the  same  depth  of  water  over  the  cake.  For 
the  purpose  have  another  vessel  beside  the  one  containing  the  cake, 
full  of  water  and  add  water  from  time  to  time  to  the  testing  ves- 
sel, to  supply  losses  by  evaporation.  The  added  water  being  also 
boiling  will  not   aflect  the  test. 

If  the  boiled  cake  shows  evidences  of  cracking  or  distortion 
either  reject  the  test  or  wait  for  the  results  of  the    twenty-dgbt- 
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day  test  of  the  cake  in  fresh  water.  The  foregoing  are  the  recom- 
mendations of  the  United  States  Army  Engineers. 

The  tensile  test  is  the  one  that  is  always  mentioned  in  speci- 
fications and  on  which  great  reliance  is  placed.  Briquettes  are 
made  of  neat  cement  and  about  20  per  cent  of  water,  and  of  1 
cement  to  3  sand  with  about  IZ'/i  per  cent  of  water.  About  one 
pound  of  cement  is  used  and  the  mixture  is  thoroughly  kneaded 
with  the  bands  covered  with  rubber  gloves.  It  is  made  into  a  ball 
and  tossed  from  hand  to  hand  for  several  minutes,  after  which  it 
is  pressed  into  the  briquette  molds  firmly.  Rammmg  it  or  tamping 
with  a  hammer  is  not  always  looked  upon  with  favor,  although 
these  are  customary  methods  for  securing  hard  briquettes. 

The  lowest  priced  tensile  testing  machine  costs  aboul  sixty 
dollars.  The  writer,  in  a  previous  book  some  years  ago,  men- 
tioned the  cross  bending  test  as  a  fairly  reliable  substitute,  and 
has  made  many  tests  with  an  ordinary  water  pail  to  apply  the 
weight.  He  at  first  used  bars  one  inch  square  and  six  inches  long 
with  a  clear  span  over  supports,  of  five  inches.  By  experimenling 
considerably  he  finally  made  bars  eleven  inches  long  and  one  inch 
square  resting  on  supports  ten  inches  apart.  A  pail  is  hung  over  the 
middle  of  the  bar,  or  beam,  and  the  weight  to  be  poured  into  the 
pail   is    practically    about    one-tenth   the    required    tensile    strength. 

To  make  tjie  beams  use  an  iron  frame  such  as  printers  use 
for  forms.  Have  ten  short  pieces  of  steel  or  iron  exactly  one  inch 
square  and  five  strips  of  54  '"-  by  1  in.  iron  and  set  of  printer's 
quoins.  Set  the  iron  blocks  and  strips  in  the  frame  so  that  there 
will  be  made  five  recesses  each  one  inch  square  and  eleven  inches 
long.  Put  the  cement  mortar  into  these  recesses  and  when  set 
remove  them  to  a  box  where  they  can  rest  without  dislorticm  or 
without  being  exposed  to  currents  of  dry  air.  They  should  be  thus 
kept  under  a  damp  cloth  for  twenty-four  hours  and  then  be  placed 
in  water  until  needed  for  the  seven-day  and  twenty-eight-day  test 
The  writer  breaks  the  five  beams  for  each  set  of  tests  and  takes 
the  average  as  one-tenth  of  the  required  tensile  strength.  This 
gives   an   extremely   close   agreement   with    regulation   tensile   tests. 

The  sand  sliould  be  either  the  standard  sand  recommended  by 
the  American  Society  or  should  be  the  standard  crushed  quartz. 
Still  the  very  best  sand  used  in  the  vicinity,  carefully  cleaned,  will 
often  do. 
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The  cement  should  be  brought  on  the  site  of  the  work  at  least 
ten  days  before  it  will  be  used  in  order  to  give  time  for  a  seven- 

In  sampling  cement,  take  every  tenth  barrel  or  every  fortieth 
sack.  Baking  powder  cans  are  excellent  for  taking  samples  to  the 
testing  laboratory.  Carry  then)  Jn  a  basket,  or  pail.  About  one 
pound  should  be  taken  from  each  sack. 

Make  a  briquette  or  bar  from  each  sample  and  then  average  the 
remainder  for  a  test  briquette  representing  the  average  of  the  lot. 

Every  book  dealing  with  concrete  contains  considerable  in- 
formation on  cement  testing.  The  best  book  on  the  market  today 
dealing  with  the  subject  is  "Practical  Cement  Testing,"  by  W. 
Purves  Taylor  ($3.00).  Every  engineer  handling  large  quantities 
of  cement  should  possess  a  copy.  The  subject  of  simple  tests  is 
fully  treated  in  that  work  and  the  method  of  breaking  beams  in  a 
cross-bending  test  is  also  fully  gone  into. 

USEFUL  LUTES  AND  CEMENTS. 

Waterproof  Compositions — Asphalt  Fluid  Coatings — Heat  as- 
phalt in  a  steam  jacketed  kettle  and  a  mixture  can  be  obtained  with 
petroleum  naphtha  in  which  the  part  of  asphalt  not  dissolved  is 
held  in  suspension.  Asphalt  is  entirely  soluble  in  benzol  or  toluol, 
which  are  about  the  cheapest  of  all  the  constituents  of  asphalt. 
Tar  and  pitch  are  sometimes  used  in  this  connection,  but  tar  contains 
water,  light  oils,  and  free  carbon,  and  does  not  wear  as  well  as  re- 
fined asphalt ;  and  pitch  contains  free  carbon,  which  is  sometimes 
objectionable  when  thinned  out  with  a  solvent.  The  a.'iphalt  alone 
is  sometimes  pervious  to  water,  and  this  is  improved  by  adding 
about  one-fourth  its  weight  of  paraffin,  and  made  better,  if  In  addi- 
tion a  little  boiled  linseed  oil  is  added  also.  For  thicker  composi- 
tions, where  body  is.  required,  asbestos,  stone  powder,  cement,  etc., 
may  be  added  as  fiMers. 

Oil-Proof  Compositions — For  Small  Leaks — Good  glue  or  gela- 
tine, 2  parts;  glycerine,  1  part  and  water  7  parts..  Apply  warm  and 
it  stiffens  quickly  on  cooling.  Another  very  useful  composition  is  a 
stiff  paste  of  molasses  and  flour.  A  stiff  paste  of  glycerin  and 
litharge  is  oil-proof,  acid-proof  and  water-proof.  These  form  a 
chemical  combination  and  set  in  a  few  minutes.    By  adding  a  little 
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water  the  paste  will  set  more  slowly.  It  is  mixed  as  required. 
Plaster-of- Paris  wetted  by  itself,  or  mixed  with  asbestos,  straw, 
hair,  etc.,  is  useful.  A  solution  of  silicate  of  soda  made  into  a 
stifF  paste  with  carbonate  of  lime,  gets  hard  in  six  to  eight  hours. 

Ac  id- Proof  Compositions — The  asphalt  compositions  already 
mentioned,  compositions  of  melted  sulphur  with  tillers  of  stone 
powder,  cement,  etc.,  also  the  following  which  withstands  hydro- 
chloric acid  vapors:    Rosin,  1  part;  sulphur,  1  part;  fire-clay,  2  parts. 

The  lute  composed  of  boiled  linseed  oil  and  fire-clay  acts  well 
with  most  acid  vapors.  Compositions  of  glycerine  and  litharge 
are  useful,  especially  when  made  according  to  the  Davis  formula : 
Litharge,  80  pounds;  red  lead,  8  parts;  "flock"  asbestos,  10  parts, 
fed  into  a  mixer,  a  little  at  a  time,  with  small  quantities  of  boiled 
oil   (about  six  parts  of  oil  being  used). 

A  particularly  useful  cement  for  withstanding  acid  vapors,  being 
also  tough  and  elastic,  is:  Crude  rubber,  cut  fine,  1  part;  linseed 
oil,  boiled,  4  parts ;  tire-clay,  6  parts.  The  rubber  is  dissolved  in 
carbon  disulphjde  to  the  consistency  of  molasses  and  then  mixed 
with  the  oil 

The  foregoing  recipes  were  given  by  Samuel  S.  Sadtler,  chem- ' 
ist,  in  a  paper  read  on  June  4,  1904,  before  the  Philadelphia  Engi- 
neers' Club. 

Other  useful  formulas  are  found  in  Spon's  "Dictionary  of  Work- 
shop Receipts." 

In  a  preceding  section  th?  writer  has  mentioned  several  methods 
of  making  water-tight  joints  in  sewer  pipes.  In  addition  to  the 
methods  there  described  he  has  used  a  sulphur  joint  made  of  sul- 
phur and  sand.  The  sulphur  is  melted  with  the  sand  to  a  consistency 
where  it  will  pour.  A  dam  is  made  at  the  joint  and  the  cement 
poured  in  like  the  lead  in  a  water  pipe.  It  cools  very  rapidly  and  if 
properly  done  is  successful.  The  number  of  men  having  the  skill 
and  patience  to  do  a  good  job  this  way,  is  small.  Mr.  Potter,  the 
well  known  sanitary  engineer  is  the  one  who  first  advocated  this 
cement  Two  or  more  lengths  of  sewer  pipe  are  cemented  together 
on  the  bank  and  lowered  into  place  in  the  trench.  As  the  cement 
practically  makes  one  piece  out  of  the  several  joined  sections  the 
total  number  of  joints  is  reduced  so  they  do  not  leak  so  freely. 
Care  must  be  taken  to  have  a  bed  the  pipes  will  rest  upon  evenly. 

Stone  and  Other  Cements — For  setting  iron  in  stone  the  above 
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■olphnr  ceuient  is  good.  From  Mr.  5adtl«r  tbe  following  redpe 
for  stone  cement  is  bad :  Zinc  oxide,  or  magnesiun)  oxide,  2  parts ; 
zinc  chloride  or  magnesium  chloride,  1  part  Water  to  make  a  paste. 
Powdered  stone  is  generally  used  as  a  diluent.  An  iron  cement  is 
made  as  follows:  Iron  filings,  40  parts;  manganese  dioxide  or 
flowers  of  sulphur,  10  part?;  saJamraoniac,  1  part;  Portland  cement, 
20  to  40  parts;  water  to  form  a  paste 
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In  sewers  131 

Une    373 

of  water. .173.   176.  208,  217.  218 

velocity   In   sewers 137 
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Lot    surveys JfB 
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Measurements,  accurate 361 

Mechanical   filters 191 
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separation  of  sewage 160 
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Monuments 284,  351,  363 

Moore,  grade  formula ..188 
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water  tight 189 
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National  Board  Standards 273 

Natural  cement 223 
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Nitrification   118 
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Numbering    houses .356 
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Offlce   systems 295 

Oil,   creosote 67 

best,  for  roads 51 
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Ordinance,  building 280 
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plumbing  121 

sewer  connections 143 
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bridseB  281 
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concrete 62.  9S 
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patent '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.  94 
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wooden  58 
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general  clauses 81 
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selection    of 42 
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cement 100 
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Plastering  concrete 234 
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Proportions    lor   concrete.. 236 
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Quantity    of    water 196 

Radius  tor  street  corners 29 

of    gyration 447 

Bailings  tor   bridges 283 

Railways,   street 41 
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paving  l>ase 6G 

roads    43 

screening    35 

spedflcallons     (see     concrete 
and  paving  specldcatlons). 
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Scraping  sewers 142 

Screening   sand 35 

Secants,   table  of 401 

modulus    441 

Sections  for  drawings 330 

properties  of 444 

Sedimentation  In  sewers 136 

bewage  iG3 

Selecting  engineers. s 

paving  materials.'.     40,  42 

Separators  In  sewers 141.   1B2 

Separate  sewers 130,  140,  150 

Separation,      mechanical,       of 

sewage   150 

Sepllc  tank 151 

Setting,    concrete 234 

curbs    21 

Sewage IIS.  130 
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Sulphate  of  copper 203 

Sulphides    223 


In,  grades 13 

sewera  '!.'!.'!.'.'.'.'.'.'.'.'.'.'.'.'.'!.  .'.140 

Superintendence  ot  work 86 

Supervlslnn  (see  Inspection), 
of  paving 41,   82 

Suffices,'  areas  ot  irregular.  !!393 
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